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Description

[0001] The present invention concerns a handle for
manipulating a catheter tip of a medical insertion system,
with which a self-expandable heart valve stent can be
inserted into the body of a patient. The invention further
concerns a catheter system of amedical insertion system
as well as a medical insertion system itself. The invention
furthermore concerns a medical device for treatment of
a heart valve defect, in particular a heart valve insuffi-
ciency or a heart valve stenosis in a patient.

[0002] In medical technology, there has been an en-
deavour over a long period to close a heart valve defect,
such as an aortic valve insufficiency or an aortic valve
stenosis, non-surgically by means of a trans-arterial in-
terventional access by catheter, thus technically without
an operation. Various insertion systems and stent sys-
tems have been proposed, with different advantages and
disadvantages, which in part can be introduced into the
body of a patient trans-arterially by means of a catheter
insertion system, though a specific system has not pre-
vailed up to the present.

[0003] Thetermused here "heartvalve stenosis and/or
heart valve insufficiency" shall generally be understood
here as a congenital or acquired functional disorder of
one or several heart valves. A valve defect of this type
can affect each of the four heart valves, whereby the
valves in the left ventricle (aortic and mitral valve) are
certainly more frequently affected than those of the right
heart (pulmonary and tricuspid valve). The functional dis-
order can result in narrowing (stenosis) or inability to
close (insufficiency) or a combination of the two (com-
bined cardiac defect). The present invention relates to a
handle and a catheter system of an insertion system, an
insertion system for inserting a heart valve stent and a
medical device for treatment of a heart valve defect of
this type.

[0004] With all known interventional systems for im-
plantation of a heart valve prosthesis, a self-expanding
stent system is moved trans-arterially to an insufficient
heart valve. A stent system of this type consists, for ex-
ample, of a self-expanding anchoring support (also
termed "heart valve stent" or "stent" in the following), to
which the actual heart valve prosthesis is fastened, pref-
erably at the proximal retaining region of the anchoring
support.

[0005] In the medical devices previously known from
the state-of-the-art, however, it has become apparent
thatthe implantation procedure of a stent system to which
the heart valve prosthesis is attached is relatively com-
plicated, difficult and expensive. Apart from the compli-
cated implantation of the heart valve prosthesis as a re-
placement for an insufficient native heart valve, there is
the fundamental risk of incorrect positioning of the stent
or heart valve prosthesis with the medical devices used
up to the present, which cannot be corrected without
more extensive operative intervention.

[0006] The problem addressed by the present inven-
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tion is the fact that medical technology does not currently
offer any insertion system for trans-apical or trans-arterial
or trans-femoral implantation of a self-expandable heart
valve stent with a heart valve prosthesis attached to it in
which, on the one hand, the insertion system enables a
minimally invasive implantation of the heart valve pros-
thesisina predictable manner and, on the other, dispens-
ing with the need to use a heart-lung machine during the
operation on the anaesthetized patient. Consequently
the operative intervention can be designed to be espe-
cially cost-effective and, in particular, to reduce the phys-
ical and mental stress on the patient. In particular, there
is a lack of a medical device for implantation of heart
valve prostheses that can also be used for patients on
whom, due to their age, an operation cannot be carried
out without the aid of a heart-lung machine.

[0007] Because of the increasing number of patients
requiring treatment, there is also a growing need for an
insertion system with which a minimally invasive inter-
vention can be made on a patient for treatment of a heart
valve stenosis and/or heart valve insufficiency in a pre-
cisely predictable way, whereby the success of the op-
eration is in particular no longer significantly dependent
on the skill and experience of the heart surgeon or radi-
ologist carrying out the treatment.

[0008] Thissituationalsoappliestooperationsinwhich
heart valve prostheses with stents systems are implanted
with the aid of a so-called balloon catheter system.
[0009] It is also regarded as problematic that, when
using systems already known from the state-of-the-art
by means of which a heart valve prosthesis can be im-
planted in the body of the patient with minimal invasive-
ness, incorrect positioning of the heart valve prosthesis
or the associated heart valve stent can frequently only
be avoided when the heart surgeon or radiologist is es-
pecially experienced. It is indeed known, for example, to
insert a heart valve stent with a heart valve prosthesis
attached toitinto the body of a patient as far as the heart
via the aorta, whereby self-expansion of the heart valve
stent is initiated by external manipulation when the im-
plantation location is reached, which should lead to a
secure anchorage and precise positioning of the heart
valve prosthesis; such heart valve stents cannot usually
be removed in a simple way, however, and their position
cannot usually be corrected once the stent has expand-
ed.

[0010] Accordingly, there is basically a risk with the
known systems that if, for example, the self-expansion
of the heart valve stent with the attached heart valve pros-
thesis is initiated in a non-optimum position, due to a slip
by the doctor carrying out the treatment or other circum-
stances, this position can only be corrected appropriately
by means of a major, in particular operative, intervention,
which must frequently be carried out on the open heart.
[0011] For example, a heart valve stent for a heart
valve prosthesis is described in document WO
2004/019825 A1. With this heart valve stent, proximal-
end support arches or hoops and positioning arches or
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hoops are provided, which can be inserted into the pock-
ets of the native heart valve of a patient so that the heart
valve stent can be positioned by means of the support
hoops. Additional so-called commissural hoops can also
be formed on the known heart valve stentwhich, together
with the support arches, clamp parts of the old heart valve
once the stent has unfolded to that the stent can be po-
sitioned and anchored as a result of this clamping action.
[0012] Although the support arches provided on the
anchoring stent enable improved positioning of the heart
valve prosthesis to be implanted, there is nevertheless
still a risk of incorrect implantation and of the heart valve
prosthesis being incapable of functioning correctly or
functioning but unsatisfactorily. For example, it may be
found during the intervention that the heart valve pros-
thesis or the heart valve stent is not optimally dimen-
sioned for the patient. In such cases, even if only the
respective proximal support or positioning arches of the
stent are in their expanded state, removal (explantation)
or repositioning of the heart valve stent with the heart
valve prosthesis is no longer possible and there exists
an increased mortality risk for the particular patient.
[0013] The aortic arch in the human body represents
a further problem for such interventions, since it has to
be accessed during insertion through the aorta. When
this is done, the catheter tip and the respective catheter
must undergo a change of direction of approx. 180° over
a relatively small radius, usually about 50 mm, without
causing injury or damage to the vessel wall.

[0014] Starting from this problem, the objective of the
invention is to propose a catheter insertion system, for
inserting a self-expandable heart valve stent into the
body of a patient and for positioning the stent at a desired
implantation site, that is designed to enable the implan-
tation of a heart valve prosthesis attached to a heart valve
stent in the optimum implantation location in a sequence
of events defined before the intervention.

[0015] Secondly, the objective is to propose a medical
device for treatment of a heart valve stenosis and/or heart
valve insufficiency, comprising a catheter insertion sys-
tem and a self-expandable heart valve stent mounted in
the catheter tip of the insertion system and which is de-
signed to reduce the risk to the patient on implantation
of the heart valve prosthesis.

[0016] According to the first aspect, the invention re-
sides in a handle for manipulating a vascular insertion
system, wherein the handle comprises means that pre-
scribe a pre-set sequence of steps such that each sub-
sequent step is inhibited until the preceding step has
been completed. Ideally the handle includes means that
prescribe or enforce a pre-set sequence of steps for
staged release of the stent.

[0017] The term "pre-set" refers to steps that have
been set of fixed in advance of operation of the vascular
insertion system and handle. The steps of operation are
pre-conditioned such that one step must be completed
before the next step can be effected. A predetermined
series of steps reduces the risk of incorrect positioning
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and requires less skill and expertise on the part of whom-
soever performs the procedure. Thus, the sequence of
events which can be determined beforehand relates to
those events or steps of the operation which depend on
and, for example, may be controlled by, the insertion sys-
tem and handle.

[0018] Inthisway, a catheter tip of the insertion system
may be manipulated especially reliably with the handle
and a heart valve stent may be introduced in a particularly
simple but nevertheless reliable way into the body of a
patient and optimally positioned at the implantation site
in the heart.

[0019] While it will be appreciated that such a handle
may be applied to any catheter system for which, for ex-
ample, delivery, accurate positioning and/or control of
medical devices is required, for the purposes of the
present invention, the handle is used in conjunction with
a vascular insertion system for introducing a stent into a
patient’'s body and for positioning the stent at a desired
implantation site. Whilst the term "vascular" refers to the
blood vessels of the body including both veins and arter-
ies, in a preferred embodiment the system is for transar-
terial delivery using the arteries, although it is conceiva-
ble that in other embodiments transvenous delivery via
a vein could be used.

[0020] Inparticular, the vascularinsertion system com-
prises a catheter and a tip. The distal end of the catheter
is attached to the handle and the proximal end is attached
to the tip. In a preferred embodiment, the tip accommo-
dates the stent.

[0021] In relation to the handle, the objective forming
the basis of the invention is solved according to the in-
vention in that the handle has at least one first and one
second operating means with which the catheter tip of
an insertion system may be appropriately manipulated
so that a self-expandable stent housed in the catheter
tip may be released from the catheter tip in steps orin a
previously defined or definable sequence of events.
[0022] In relation to the catheter system, the problem
forming the basis of the invention is solved according to
the invention in that the catheter system has first and
second force transmission means. These force transmis-
sion means are at the proximal end region of the catheter
system, i.e. atthe end region of the catheter system near-
est the heart, and can be connected to a catheter tip in
which a heart valve stentis mounted or can be mounted.
In detail, the force transmission means are designed to
manipulate the first and second housing portions of the
catheter tip so that a self-expandable stent housed in the
catheter tip may be released from the catheter tip in steps
or in accordance with a previously defined or definable
sequence of events. Then at the distal end region of the
catheter system, i.e. at the end region of the catheter
system which is facing away from the heart, the force
transmission means may be connected to first and sec-
ond operating means of a handle of the type referred to
above.

[0023] In relation to the insertion system, the problem
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forming the basis of the invention is solved in that the
insertion system has a catheter system of the type re-
ferred to above, by means of which the cardiac valve
stent can be introduced into the body of the patient in its
folded-up state. The insertion system further has a cath-
etertip provided at the proximal end region of the catheter
system, i.e. adjacent to the heart, with first and second
manipulable housing portions. Furthermore, the insertion
system has a handle of the type referred to above at the
distal end region of the catheter system, i.e. at the end
region of the catheter system which is remote from the
heart and the catheter tip. The first and second housing
portions of the catheter tip may be manipulated appro-
priately with the handle so that the self-expandable stent
accommodated in the catheter tip may be released from
the catheter tip in a previously defined or definable se-
quence of events.

[0024] In relation to the medical device, the problem
forming the basis of the invention is solved in that the
device has an insertion system of the type referred to
above together with a self-expandable cardiac valve
stent accommodated in the catheter tip of the insertion
system.

[0025] Further arrangements and advantageous em-
bodiments of the handle in accordance with the invention,
the catheter system of the invention and the insertion
system of the invention together with the insertion system
in accordance with the invention are specified in the re-
spective dependent patent claims.

[0026] An insertion system can be implemented with
the present invention for inserting a stent into the body
of a patient, whereby the insertion system exhibits the
following:

- acatheter system, by means of which a self-expand-
able cardiac valve stent (also simply termed "stent"
in the following) can be introduced in its folded-up
state into the body of a patient;

- acatheter tip provided at the proximal end region of
the catheter system, in which the stent can be mount-
ed;

- ahandle at the distal end region of the catheter sys-
tem, with which the catheter tip can be manipulated.

[0027] Preferably the insertion system according to the
invention comprises a catheter tip, as is described, for
example, in the international Patent Application
No.PCT/EP2007/061117. The catheter tip has a region
termed "stent holder" in the following, by means of which
the stent can be attached to the catheter tip. In detail, the
stent holder is used for releasably fixing at least one re-
gion of the stent in the catheter tip.

[0028] Furthermoreitis possiblein a preferred embod-
iment of the catheter tip for this to have first and second
housing portions that may be manipulated with the han-
dle. These housing portions are used foraccommodating
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specific portions of the stent. The first housing portion is
used for accommodating first functional components of
the stent, for example retaining hoops of the stent (or
alternatively positioning hoops of the stent), while the
second housing portion is used for accommodating the
second functional components of the stent, for example,
positioning hoops of the stent (or alternatively for accom-
modating retaining hoops of the stent).

[0029] In relation to the handle provided for the inser-
tion system, it is preferably provided that, on one hand,
the first operating means cooperate with the first housing
portion of the catheter tip so that, on actuation of the first
operating means, a previously definable longitudinal dis-
placement of the first housing portion may be effected
relative to the stent holder and, on the other hand, the
second operating means cooperates with the second
housing portion of the catheter tip so that a previously
definable longitudinal displacement of the second hous-
ing portion may be affected relative to the stent holder.

[0030] With regard to the treatment of a heart valve
stenosis and/or heart valve insufficiency in a patient, the
objective referred to above is achieved according to the
invention with the aid of a medical device, whereby this
medical device comprises an insertion system of the type
proposed by the invention and a self-expandable heart
valve stent accommodated in the catheter tip of the in-
sertion system. While itis accommodated in the catheter
tip of the insertion system, the stent adopts a first previ-
ously definable configuration. Outside the catheter tip or
in the implanted state, however, the stent exists in a sec-
ond previously definable configuration. The first config-
uration of the stent corresponds to the folded-up state,
while the stent exists in its expanded state in the second
configuration.

[0031] A heart valve stent is used with the medical de-
vice, as described for example in the European Patent
Application No. 07 110 318 or in the European Patent
Application No. 08 151 963. In a preferred embodiment
of the medical device according to the invention, a heart
valve stent is accordingly used which exhibits the follow-

ing:

- afirst retaining region, to which a heart valve pros-
thesis can be attached;

- an opposing, second retaining region with at least
one retaining element, for example in the form of
retaining eyes or in the form of retaining heads,
whereby at least one retaining element of the stent
can be put in releasable engagement with the stent
holder of the catheter tip forming part of the insertion
system;

- at least one retaining hoop, to which a heart valve
prosthesis can be fastened; and

- atleast one and preferably three positioning hoops,
which are designed to engage in pockets of the na-
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tive heart valve in the implanted state of the stent,
thus to enable automatic positioning of the stent in
the aorta of the patient.

[0032] The advantages that can be obtained with the
proposed insertion system, which comprises the handle
of the invention, the catheter system of the invention to-
gether with the catheter tip, are obvious. In particular, an
insertion system is proposed, with which a self-expand-
able heart valve stent with a heart valve prosthesis at-
tached to this stent can be advanced to the implantation
site in a particularly simple way, for example via the aorta
of a patient being treated (trans-arterially or trans-femo-
rally) or from the apex of the heart (trans-apically). Pref-
erably, during trans-arterial or trans-femoral access by
the catheter system, the whole free cross-section avail-
able within the aorta is not completely filled up, since the
catheter tip provided at the proximal end region of the
catheter system, in which the stent can be accommodat-
ed with the heart valve prosthesis, can be made suffi-
ciently small with respect to its external diameter.
[0033] The self-expandable heart valve stent with the
heart valve prosthesis attached to it can be accommo-
dated temporarily during implantation in the folded-up
state in the catheter tip of the insertion system, which is
provided at the proximal end region of the catheter sys-
tem. The catheter system may be of a length sufficient
to allow the catheter tip provided at the proximal end re-
gion of the catheter system to be guided through the aorta
to the patient’s heart by insertion at the patient’s groin.
[0034] However, the insertion system of the invention
is not only suitable for a trans-arterial or trans-femoral
access, but can also be used trans-apically, i.e. from the
apex of the heart, to insert and position the heart valve
stent with the heart valve prosthesis attached to it into
the body of the patient and to place it percutaneously,
orthotopically in vivo, so that the heart valve prosthesis
can assume the function of an insufficient or stenosed
native heart valve. As will be explained, an insertion sys-
tem that is designed for trans-apical access can have a
shorter catheter system compared with that for trans-ar-
terial access.

[0035] To enable the stentaccommodated in the cath-
eter tip to be inserted into the body of the patient with the
aid of the catheter system and, where required, with the
aid of a further insertion wire (guide wire), it is preferably
provided that the catheter tip has a mounting (stent hold-
er) for releasably fixing of at least the second retaining
region of the stent and mounting regions for accommo-
dating the first retaining region with the positioning hoops
and the retaining hoops together with, where required,
the heart valve prosthesis fastened to the retaining
hoops. Further it is preferable for the handle to be pro-
vided at the distal end the region of the catheter system,
so that the catheter tip and, in particular, the respective
housing portions of the catheter tip can be manipulated
and moved in a directed manner.

[0036] In particular, a radial or also lateral movement
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of the catheter tip and/or the individual housing portions
of the catheter tip can be obtained. As a result of this
selective movement of the individual components of the
catheter tip, individual components (positioning hoops,
retaining hoops) of the heart valve stent can be sequen-
tially released in accordance with a predictable sequence
of events, so that the implantation of the heart valve pros-
thesis can take place with the necessary positioning and
anchoring.

[0037] Specifically,itis providedinthe insertion system
in accordance with the invention that the catheter tip has
the housing portions already referred to, whereby the
handle has at least a first operating means associated
with the first housing portion and a second operating
means associated with the second housing portion. The
first operating means cooperates with the first housing
portion of the catheter tip so that, on actuation of the first
operating means, a previously definable longitudinal dis-
placement of the first housing portion can be effected
relative to the stent holder of the catheter tip. In an anal-
ogous way, the second operating means cooperates with
the second housing portion of the catheter tip so that, on
actuation of the second operating means, a previously
definable longitudinal displacement of the second hous-
ing portion can be effected relative to the stent holder of
the catheter tip.

[0038] The respective co-operation of the operating
means forming part of the handle with the associated
housing portions of the catheter tip can be achieved, for
example, with the aid of suitable force transmission
means of the catheter system.

[0039] By providing the appropriate operating means
in the handle, on the one hand, and the first and second
housing portions in the catheter tip on the other, the re-
spective housing portions of the catheter tip can be ma-
nipulated selectively and can be moved according to a
previously definable sequence of events.

[0040] The proposed insertion system is therefore not
only suitable to introduce the stent housed in the catheter
tip provided at the proximal end of the catheter system
into the body of the patient at the implantation site with
a suitable radial and/or lateral movement, with the aid of
the catheter system, but also to obtain a sequential re-
lease of the respective functional components (position-
ing hoops, retaining hoops) of the stent by directed and
previously definable movements of the housing portions
of the catheter tip, so that the implantation of the heart
valve prosthesis with the heart valve stent may take place
in a particularly suitable but nevertheless effective man-
ner.

[0041] In particular, it is possible that, for example, re-
lease of the positioning hoops of the heart valve stent
are released by a twisting and/or a lateral movement in
the proximal or distal direction of one of the two housing
portions of the catheter tip, while the retaining hoops of
the stent are still held in the folded-up form by the other
housing portion of the catheter tip. The retaining hoops
of the stent can then be released by a corresponding
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manipulation of the other housing region of the catheter
tip.

[0042] To ensure that a stent mounted in the catheter
tip with a heart valve prosthesis attached to the retaining
hoops of the stent can be implanted trans-arterially or
trans-femorally, in other words coming via the aorta, it is
proposed by the insertion system in accordance with the
invention that the first housing portion of the catheter tip
is in the form of a so-called "stent sheath". The stent
sheath is a sleeve-like housing portion, whose opening
points in the direction of the proximal end tip of the cath-
eter tip. When the catheter tip is actually inserted into the
body of the patient, the catheter tip is in its so-called
"closed state". In this closed state, these stent sheath
forms the outer circumferential surface of the catheter
tip, while the stent is housed in its folded-up state in the
interior of the stent sheath.

[0043] When the first operating means of the handle
is actuated, with the insertion system designed for trans-
arterial or trans-femoral access, the first housing portion
of the catheter tip can be moved relative to the stent hold-
erin the longitudinal direction of the catheter tip. In detail,
to open the catheter tip or to release a stent housed in
the catheter tip, the movement of the first housing portion
takes place in the direction of the handle, away from the
proximal end tip of the catheter tip.

[0044] With the insertion system designed for trans-
arterial or trans-femoral access, it is further provided that
the second housing portion of the catheter tip is in the
form of a so-called "stent funnel". The stent funnel is a
sleeve-like housing portion, which is connected to the
proximal end tip of the catheter tip and which has its open-
ing pointing in the direction of the distal end region of the
cathetertip. The retaining hoops of the stent and the heart
valve prosthesis, where fastened to the retaining hoops,
can be housed in the interior of the stent funnel. The stent
funnel fits telescopically into the stent sheath when the
catheter tip is in the closed state. The positioning hoops
of the stent are then located between the outer circum-
ferential surface of the stent funnel and the inner circum-
ferential surface of the stent sheath.

[0045] When the second operating means of the han-
dle is actuated, with the insertion system designed for
trans-arterial or trans-femoral access, the second hous-
ing portion of the catheter tip can also be moved relative
to the stent holder in the longitudinal direction of the cath-
etertip. In detail, to release a stent housed in the catheter
tip, the second housing portion is moved together with
the proximal end tip of the catheter tip in the proximal
direction, i.e. away from the handle.

[0046] Theinsertion system designed for trans-arterial
or trans-femoral access is therefore suitable for inserting
a heart valve stent with a heart valve prosthesis attached
to it, trans-arterially or trans-femorally into the body of
the patient; for example, the catheter system of the in-
sertion system is inserted with the catheter tip located at
the proximal end of the catheter system via puncture of
the A. femoris communis (inguinal artery).
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[0047] The catheter tip and, optionally, also the cath-
eter system of the insertion system, are advanced, pref-
erably under angiographic (vessel display) and echocar-
diographic (ultrasonic) control into the heart valve posi-
tion. The actual implantation of the heart valve then fol-
lows, in which, by means of previously definable manip-
ulations of the associated housing portions of the cath-
eter tip, which can be effected with the respective oper-
ating actuating means of the handle, the individual com-
ponents of the heart valve stent mounted in the catheter
tip are released.

[0048] Alternatively, however, the insertion system in
accordance with the invention is also suitable for a trans-
apical access, in which case - approaching from the apex
of the heart - the catheter tip of the catheter system is
pushed, for example, through the left ventricle to the aor-
tic valve. With an appropriately modified catheter tip, an
analogous implantation of the heart valve stent with the
heart valve prosthesis is possible here.

[0049] In detail, with the insertion system designed for
trans-apical access, it is provided that the first housing
portion of the catheter tip is in the form of a stent sheath,
which is connected to the proximal end tip of the catheter
tip and has an opening pointing in the direction of the
distal end region of the catheter tip. As with the insertion
system designed for trans-arterial or trans-femoral ac-
cess, the stent sheath for the insertion system designed
for trans-apical access forms the outer circumferential
surface of the catheter tip, when this is in the closed state.
[0050] When the first operating means of the handle
is actuated, with the insertion system designed for trans-
apical access, the first housing portion of the catheter tip
can be moved relative to the stent holder in the longitu-
dinal direction of the catheter tip, whereby the movement
of the first housing portion takes place in the proximal
direction, thus away from the handle, to open the catheter
tip or to release a stent housed in the catheter tip.
[0051] With the insertion system designed for trans-
apical access, the second housing portion of the catheter
tip is in the form of a stent funnel which has its opening
pointing in the direction of the proximal end tip of the
catheter tip. Once again, the retaining hoops of the stent
and the heart valve prosthesis, where fastened to the
retaining hoops, can be mounted in the interior of the
stent funnel, while the stent funnel fits telescopically into
the stent sheath when the catheter tip is in the closed
state, whereby the positioning hoops of the stent are lo-
cated between the outer circumferential surface of the
stent funnel and the inner circumferential surface of the
stent sheath.

[0052] When the second operating means of the han-
dle is actuated, with the insertion system designed for
trans-apical access, the second housing portion of the
catheter tip can also be moved relative to the stent holder
in the longitudinal direction of the catheter tip. Specifical-
ly, torelease a stenthoused inthe catheter tip, the second
housing portion is moved in the direction of the proximal
end tip of the catheter tip.
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[0053] Irrespective of whether the insertion system is
designed for a trans-arterial and trans-femoral access or
a trans-apical access, the insertion system of the inven-
tion exhibits a catheter tip with a first housing portion, for
example for housing of the retaining hoops of the stent
(asfirst functional components of the stent) and a second
housing portion, for example for housing of the position-
ing hoops of the stent (as second functional components
of the stent), whereby the two housing portions can be
manipulated by actuation of operating means provided
in the handle, in accordance with a previously definable
sequence of events, and as a result the individual com-
ponents of the heart valve stent can be released.
[0054] In relation to the catheter system used with the
insertion system, it is preferably provided that this has
an outer catheter, in which at least one inner catheter is
accommodated. The outer circumferential surface of the
outer catheter then forms the outer shell of the catheter
system. Preferably the outer catheter and the at least
one inner catheter then respectively act as force trans-
mission means. In the insertion system, the force trans-
mission means are connected at the distal end region of
the catheter system with the actuating means of the han-
dle and are connected at the proximal end region of the
catheter system to the housing portions of the catheter
tip. The outer catheter and the at least one inner catheter
have the function of transmitting compressive and tensile
forces from the corresponding operating means of the
handle to the corresponding housing portions of the cath-
eter tip. It is preferable that the outer catheter and the at
least one inner catheter are each designed so that their
length virtually does not change even under compressive
or tensile stress.

[0055] In particular, with the insertion system designed
for trans-arterial or trans-femoral access, the catheter
system should be designed so thatitis both kink-resistant
and flexible such that a bending radius of up to 4 cm, and
preferably up to 3 cm, can be realised, at least at the
proximal end region of the catheter system.

[0056] Itis possible, for example, that a material of suit-
able wall thickness is provided for the outer catheter and
the at least one inner catheter to produce the required
kink resistance, on the one hand, and flexibility, on the
other. This allows the catheter system of the insertion
system designed for trans-arterial or trans-femoral ac-
cess to have at least one flexible region at the proximal
end to make it possible for it to follow the natural course
of the A. iliaca and the A. femoralis at the initial points
with a bend of up to 30° without difficulty. The values
cited above relating to the realisable bending radius can
naturally be selected in another range, though it should
be taken into account that the bending radius of the aortic
arch, which must be negotiated with a trans-arterial ac-
cess, is approximately 4 cm in a human.

[0057] To ensure that, as far as possible, the respon-
sible operator has all the latitude required to move the
catheter tip forward into the implantation site during the
insertion procedure when using the insertion system de-
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signed for trans-arterial or trans-femoral access, in a pre-
ferred variant of the insertion system the catheter system
has a flexural joint, which can be deflected with the aid
of a further (third) actuating means. Preferably, the han-
dle comprises a wheel, for example, or similar as third
actuating means to enable manipulation of the flexural
link region.

[0058] In relation to the deflection device that can be
implemented with the flexural link zone, it is possible, for
example, to provide a further device for force transmis-
sion inside the catheter system or the outer catheter form-
ing part of the catheter system, for example in the form
of a control wire which at one end cooperates with the
flexural link zone and, on the other, is connected to the
third actuating means of the handle. This device for force
transmission can be guided inside the outer catheter
forming part of the catheter system, for example, and
either act on the flexural link or on the catheter tip itself,
to allow a specific effect on the curvature of the flexural
link zone to be obtained.

[0059] In particular, a specific curvature of the flexural
link zone provided in the tube system may be achieved
by exerting tensile forces by means of the device for force
transmission, for example during implantation when nav-
igating the aortic arch. Draw cables or draw wires as the
device for force transmission can be guided through the
internal hollow outer catheter to the proximal end region
of the flexural link zone formed integrally, for example,
in the catheter system and can be fastened there. Pref-
erably, the force application points of two such draw ca-
bles or draw wires are diametrically opposed. Thus a
specific effect can be obtained of the curvature of the
flexural link zone and consequently of the catheter sys-
tem by exerting a tensile force by means of one of the
existing devices for force transmission, when the catheter
system with the flexural link zone is, for example, pushed
through the aortic arch or drawn out of it on completion
of implantation.

[0060] However, it is of course also possible to form
the flexural link zone as a link chain, in which case the
individual elements are connected to one another by in-
dividual joints. The individual joints may positively en-
gage in respective adjacent elements and may be so
configured that a curvature of the flexural link zone by
more than 180° can be maintained with an appropriate
bending radius. The bending radius should be selected
so that it is at least possible to obtain the radius of the
aortic arch.

[0061] It is also possible to obtain the function of the
link chain with an integral, one-piece tube in which the
tube has slits at specific spacings that ensure the desired
flexibility, at least in the preferred direction.

[0062] In a preferred embodiment of the flexural link
zone, itis possible for this to be in the form of a link chain
whereby the individual elements are connected together
by means of individual links and whereby the individual
links are also formed on the individual elements of the
link chain in pairs diametrically opposite each other and
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are arranged parallel to the axis of rotation of the bend-
able region.

[0063] To enable the catheter tip to be moved radially,
in particular for the purpose of precise positioning of a
heart valve stent advanced with the insertion system to
the implantation location on the heart, it is provided in a
preferred embodiment of the insertion system designed
for trans-apical access that the catheter system and the
respective couplings of the catheter system to the cath-
eter tip on one side and to the handle on the other side
are configured so that it is possible to twist the catheter
tip about the longitudinal axis of the of the catheter tip by
turning the handle and/or the catheter system. In partic-
ular, the catheter system and the respective couplings
ofthe catheter system to the cathetertipand tothe handle
should exhibit a previously definable, preferably small,
delay in reaction, due to a torque introduced by means
of the handle.

[0064] As already indicated, it is preferably provided
for the insertion system according to the present inven-
tion that the catheter tip has a stent holder with retaining
elements. The stent holder with the retaining elements
is used to anchor the second retaining region of the stent
during the insertion procedure and during positioning of
this stent in the implantation location at the catheter tip.
It would be possible to configure the retaining elements
of the stent holder as projecting elements which can be
brought into engagement with corresponding retaining
rings having complementary configuration at the second
retaining region of the stent for releasably fixing the sec-
ond retaining region of the stent.

[0065] In a particularly preferred embodiment of the
stent holder forming part of the catheter tip it is provided,
however, that the stent holder has an essentially cylin-
drical body, whose axis of symmetry lies on the longitu-
dinal axis of the catheter tip. Several uniformly spaced
recesses are formed on the cylindrical body at the distal-
side end region of the body in the insertion system de-
signed for trans-apical access, and at the proximal-side
end region of the cylindrical body in the insertion system
designed for trans-femoral or trans-arterial access.
These recesses can be connected via corresponding
grooves to the distal or proximal-side end face of the
cylindrical body.

[0066] The configuration and size of the recesses
formed in the material of the cylindrical body are chosen
so that a fastening or retaining element of a heart valve
stent mounted in the catheter tip of complementary form
to the recess can be accommodated, preferably by pos-
itive fit, in each of the recesses, so that each retaining
element of the stent is in releasable engagement with a
recess of the fixing device.

[0067] In this connection, it would be possible for the
retaining elements of the stent to be formed at the second
retaining region of the stent in the form of projecting el-
ements, for example. These retaining elements of the
stent, in the form of projecting elements in the example,
can each be connected to the positioning hoops of the
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stent by means of a neck section. When the retaining
elements of the stent are mounted in the recesses of the
stent holder, preferably by positive fit, at least the end
regions of the neck sections are in the grooves that are
formed in the material of the cylindrical body of the stent
holder.

[0068] Irrespective of the particular embodiment of the
stent holder, it is a basic requirement that the retaining
elements of the stent holder (projecting elements and
recesses) are covered during the insertion procedure and
during the positioning of the stent at the implantation site,
in common with the retaining elements located at the
second retaining region of the stent, by the sleeve-
shaped first housing portion of the catheter tip. This en-
sures that the engagement between the retaining ele-
ments of the stent and the retaining elements of the stent
holder is secure and that the second retaining region of
the stent is still held positively in its folded-up state.
[0069] Inthis positionitis possible to check the function
of the already unfolded heart valve prosthesis. Once a
check has been made to ensure that the heart valve pros-
thesis is functioning correctly - by a further manipulation
of the first housing portion (stent sheath) of the catheter
tip with the first operating means - the region of the first
housing portion previously covering the retaining ele-
ments of the stent holder at the distal part of the stent
can be moved farther in the longitudinal direction of the
catheter tip relative to the fixing mechanism of the cath-
eter tip so the first housing portion no longer covers the
respective retaining elements of the stent holder and the
stent. As aresult, the engagement between the retaining
eyes etc. provided at the distal end of the stent and the
retaining elements of the stent holder can be released,
which causes the distal part of the stent to be released
as well and thus completely unfolded.

[0070] If, however, the check shows that the already
partially implanted heart valve prosthesis is not able to
fulfil its function or is not able to do so satisfactorily, the
insertion system proposed by the invention has the par-
ticular advantage of retracting the stent with the heart
valve prosthesis back into the catheter tip by moving the
respective housing portions of the catheter tip appropri-
ately in the opposite direction and of removing all parts
of the insertion system, in other words the catheter tip
with the catheter and the stent accommodated in the
catheter tip, out of the body of the patient so that the risk
of the operation is substantially reduced and a further
attempt atimplantation can be made on the same patient.
[0071] To ensure that, as far as possible, no damage
can take place to the vessel wall during insertion of the
catheter tip into the body of the patient when, for example,
the catheter tip is inserted trans-arterially, and no injury
can occur within the interior of the heart when, for exam-
ple, the catheter tip is inserted trans-apically, it is prefer-
able if the catheter tip in particular has a rotationally sym-
metrical form and preferably a rounded shape.

[0072] As the catheter tip is inserted, the catheter tip
further should be completely closed, as far as possible,
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and, to facilitate insertion through the aorta, should have
a tip on the proximal end that is particularly preferably of
a flexible material, for example silicone.

[0073] To simplify the actual introduction of the cathe-
ter system with the catheter tip provided at the proximal
end of the catheter system into the body of the patient,
a guide wire may also be provided which is guided
through the complete catheter system. Such guide wires
are already used in similar operations and are guided
through the aorta of the patient to the heart before the
catheter system is inserted. The catheter system, togeth-
er with the catheter tip, can then be threaded over the
guide wire and pushed along it into the aorta as far as
the patient’s heart.

[0074] The cathetersystemused with the insertion sys-
tem proposed by the invention should also be advanta-
geously configured so that a liquid coolant or drug can
be circulated through the internal hollow catheter system
as far as the catheter tip. With the aid of such a liquid
coolant, for example in the form of a saline solution, a
heart valve stent accommodated in the catheter tip can
be appropriately cooled while the catheter tip is being
advanced to the implantation site. This is of particular
advantage when a shape memory material is used as
the material of the heart valve stent, which is designed
so that the stent deforms from a temporary shape to a
permanent shape under the action of an external stimu-
lus, whereby the temporary shape exists in a first config-
uration of the stent (in the folded-up state, when the stent
is accommodated in the catheter tip of the insertion sys-
tem) and the "permanent shape" in a second configura-
tion of the stent (in the expanded state of the stent after
release of the stent from the catheter tip).

[0075] It should be noted that the "permanent shape"
of the expanded stent is totally adapted to the native
shape of its surrounding area. This makes allowance for
the fact that the native shape of the surrounding area at
the implantation site differs from patient to patient. The
property of the stent whereby the "permanent shape" of
the expanded stent is automatically fully adapted to the
surrounding environment consequently ensures that the
heart valve prosthesis can always be implanted optimal-
ly.

[0076] An especially gentle implant procedure is pos-
sible when implanting the stent with the heart valve pros-
thesis mounted on it into the body of a patient with the
insertion system of the invention, particularly if a shape
memory material, for example Nitinol, i.e. an equi-atomic
alloy of nickel and titanium, can be used for the stent.
[0077] If, as is preferable, the catheter system of the
insertion systems proposed by the invention is designed
so that a suitable coolant can be circulated through it,
the stent mountable in the catheter tip can therefore be
appropriately cooled while being advanced, to maintain
the temperature of the stent material below the critical
transition temperature. When the catheter tip with the
cooled stent has been advanced to the implantation site,
cooling of the stent is interrupted, at the latest when the
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housing portions of the catheter tip are manipulated, as
a result of which the stent is warmed to the body temper-
ature (36°C) of the patient and the shape memory effect
of the stent material is initiated.

[0078] Due to the self-expanding property of the indi-
vidual components of the stent, radial forces are gener-
ated which act on the individual components of the stent,
particularly the respective positioning hoops and retain-
ing hoops, as well as the first and second retaining re-
gions of the stent. Since the respective components of
the stent remain in the respective housing portions of the
catheter tip, the radial forces which build up and act on
the individual components of the stent after the transition
temperature has been exceeded are compensated by
the respective housing portions of the catheter tip, so that
- in spite of the initiation of the shape memory effect - the
stent is retained positively in its first (folded-up) shape.
[0079] By an appropriate manipulation of the respec-
tive housing portions of the catheter tip, which is defined
previously on the basis of the particular embodiment of
the insertion system of the invention, the positioning
hoops are then released from the catheter tip first - by a
suitable stepwise release of the stent and the individual
components of the stent from the respective housing por-
tions of the cathetertip. Because of the action of the radial
forces, the positioning hoops of the stent are opened in
a radial direction. The opened stretched positioning
hoops can then be positioned in the recesses pockets of
the native heart valve.

[0080] Theremaining components ofthe stentare then
released from the catheter tip. The released remaining
components of the stent, in particular the retaining hoops
with the heart valve prosthesis attached e.g. with the aid
of a thread, then open in a radial direction and conse-
quently the heart valve prosthesis attached to the retain-
ing hoops unfolds like an umbrella.

[0081] The radial forces acting on the retaining hoops
of the stent but also on the distal retaining region of the
endoprosthesis result in the stent being pressed against
the vessel wall in a radial direction. On the one hand, this
results in secure anchoring of the stent with the opened
heart valve prosthesis at the implantation site and, on
the other hand, of reliably sealing the heart valve pros-
thesis in the second retaining region of the stent.
[0082] For flushing or rinsing the catheter system with
coolant etc., it is particularly preferred that the handle
has at least one syringe adapter for delivering and/or
discharging a fluid to or from the catheter system.
[0083] To monitor the insertion procedure of the cath-
eter system as well as the manipulation of the bendable
region of the deflecting mechanism, which may optionally
be provided on the proximal end of the catheter system,
it is advantageous to provide marking elements on the
catheter tip and/or at appropriate points of the catheter
system, which are made from a material that absorbs X-
ray radiation, for example, so that the respective position
of the catheter tip and/or the catheter system can be de-
tected on the X-ray image during the operation.
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[0084] A screen filter may of course also be used with
the insertion system of the invention, so that penetration
of particles into the bloodstream of the respective patient
can be prevented. Such a screen filter may be attached
to the insertion system or the catheter system so that it
extends completely around it radially. When used, it
should be elastically biased so that it lies against the ves-
sel wall in the aorta to thus ensures a particle-tight clo-
sure.

[0085] The insertion system proposed by the invention
may additionally be provided with a conventional balloon,
which can be disposed in the interior of the catheter sys-
tem or the catheter tip and carried along with it or also
passed through the interior of the catheter system to the
expanding heart valve stent. With such a balloon, the
volume of which can be which can be increased accord-
ingly e.g. by a fluid under elevated pressure, the expan-
sion of the anchoring support can be further assisted.
[0086] As explained above, the stent of the medical
device, which can be inserted into the body of the patient
with the aid of the insertion system described above, pref-
erably has aone-piece structure cutintegrally from a met-
al tube, in which a retaining hoop is associated with each
positioning hoop and in which, at the distal end of the
endoprosthesis, each end portion of the positioning hoop
is connected to the end portion of the associated retaining
hoop. Thus, on the one hand, it is possible to dispense
with plastic hinges or similar connecting devices for the
stent. On the other hand, the stent preferably used with
the medical device proposed by this invention is an en-
doprosthesis which has a minimum longitudinal exten-
sion and offers a positioning function by means of the
positioning hoops on the one hand and the function of
retaining a heart valve prosthesis by means of retaining
hoops on the other hand.

[0087] Itis clear that, during the transition of the stent
form the first pre-definable mode to the second pre-de-
finable mode due to a widening in the cross-section of
the entire stent, the retaining hoops on the one hand and
the positioning hoops on the other hand are opened in a
radial direction. This being the case, the second mode
of the stent is advantageously selected so that as the
retaining and positioning hoops are being opened, they
abut against the vessel wall of the aorta and form a pos-
itive connection with it, thereby firmly anchoring the stent
and the heart valve prosthesis at the implantation site.
[0088] Due to the fact that the structure of the stent
results in a particularly short design of the catheter tip of
the insertion system, the catheter tip of the insertion sys-
tem can be manoeuvred in the patient’s body particularly
easily, which is of particular advantage if the implantation
route to the heart valve to be replaced is via the aortic
arch. The minimal length of the catheter tip of the insertion
system is ensured particularly by the special structure of
the stent.

[0089] Accordingly, using the insertion system pro-
posed by the invention, the positioning and retaining
hoops of such an anchoring stent at the implantation site
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can be disposed and dimensioned with a view to auto-
matically initiating a sequential self-expansion of the
stent with the heart valve prosthesis. For this to take
place, itis preferably provided that the stent together with
the heart valve prosthesis fastened to it, where required,
are mounted for the purpose of implantation in the interior
of the catheter tip that forms part of the insertion system.
This catheter tip is guided via the catheter system of the
insertion system through the aorta of the patient, for ex-
ample, or from the apex of the heart, to the implantation
site (to the diseased heart). Onreaching the implantation
site, the catheter tip of the insertion system is manipulat-
ed sothat the positioning hoops can be released to permit
their self-expansion. Subsequently the catheter tip of the
insertion system with the already partially expanded stent
is moved and aligned so that the positioning hoops are
inserted into the pockets of the native heart valve. This
allows the stent to be precisely positioned in relation to
the native heart valve.

[0090] The cathetertip of the insertion systemiis further
manipulated so that the retaining hoops of the anchoring
stent are also released, as a result of which they auto-
matically expand. As this happens, the heart valve flaps
of the native heart valve are clamped between respective
positioning and retaining hoops and the heart valve pros-
thesis attached to the proximal retaining region of the
anchoring stent is opened.

[0091] Once the anchoring stent incorporating the
heart valve prosthesis has been implanted, the catheter
system with the catheter tip is withdrawn from the body
of the patient.

[0092] Naturally, due to the increased control afforded
by the implantation system it is also conceivable, for ex-
ample, for a heart valve stent to be implanted in a two-
part procedure, carried out either during separate proce-
dures or as separate parts of the same procedure. In a
first part, for example, an anchoring stent is introduced
to an implantation site. In a second part, a secondary
stent with a valve prosthesis is introduced to the implan-
tation site. The secondary stent comprises appropriate
functional components that can co-operate and engage
with the anchoring stent. Thus, the secondary stent ac-
commodates and retains a heart valve prosthesis on the
one hand, whilst co-operating with the anchoring stent
to anchor and retain the heart valve stent with the valve
prosthesis in position on the other.

[0093] Since the implantation system both increases
control and enhances the ability to accurately position an
implant such as a stent, it would also be conceivable to
replace a failing valve from a previously implanted heart
valve with a new valve prosthesis. The functional com-
ponents position and secure the new, or secondary, heart
valve stent at the implantation site of the previously im-
planted heart valve stent and accommodate and retain
the new, or secondary, heart valve prosthesis. Thus, by
way of example, a new heart valve stent with valve pros-
thesis could be implanted within a previously implanted
heart valve stent in the same manner as implantation of
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a first heart valve stent with prosthesis. Preferred em-
bodiments of the solution proposed by the invention will
be described with reference to the appended drawings
below.

[0094]

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1:

3a-d:

4a-d:

10a-d:

11a:

Of these:

an embodiment of an insertion system for
trans-apical insertion of a self-expandable
heart valve stent in a side elevation;

a part-sectioned side elevation of the
trans-apical insertion system in accord-
ance with Fig. 1;

side elevations of the trans-apical inser-
tion system in accordance with Fig. 1 in
its four previously defined functional
states to clarify the loading procedure of
the insertion system;

side elevations of the trans-apical inser-
tion system in accordance with Fig. 1 in
its four previously defined functional
states to clarify the release procedure of
a stent housed in the catheter tip of the
insertion system;

an embodiment ofa handle foraninsertion
system for trans-apical insertion of a self-
expandable heart valve stent in a side el-
evation;

a further embodiment of a handle for an
insertion system for trans-apical insertion
of a self-expandable heart valve stent in
a side sectional elevation;

aplan view of a handle in accordance with
Fig. 6;

an embodiment of a catheter tip for an in-
sertion system for trans-apical insertion of
a self-expandable heart valve stent in a
side sectional elevation;

an embodiment of a catheter system for
an insertion system for trans-apical inser-
tion of a self-expandable heart valve stent
in a cross-sectional elevation;

three-dimensional side elevation of an
embodiment of a catheter tip for a trans-
apical insertion system in different func-
tional states to illustrate a trans-apical im-
plantation procedure of a heart valve
stent;

an embodiment of an insertion system for
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

11b:

12:

13:

14a-d:

15a-d:

16:

17:

18:

19:

20:

21a-c:

20

trans-femoral / trans-arterial insertion of a
heart valve stent in a side elevation;

a side elevation of the trans-femoral /
trans-arterial insertion system in accord-
ance with Fig. 11a with a deflected cath-
eter system;

a further embodiment of an insertion sys-
tem for trans-femoral / trans-arterial inser-
tion of a heart valve stent in a side eleva-
tion;

a further embodiment of an insertion sys-
tem for trans-femoral / trans-arterial inser-
tion of a heart valve stent in a side eleva-
tion;

side elevations of the trans-femoral /
trans-arterial insertion system in accord-
ance with Fig. 11a in its four previously
defined functional states to illustrate the
loading procedure of the insertion system

side elevations of the trans-femoral /
trans-arterial insertion system in accord-
ance with Fig. 11a in its four previously
defined functional states to illustrate the
release procedure of a stent housed in the
catheter tip of the insertion system;

a further embodiment of an insertion sys-
tem for trans-femoral / trans-arterial inser-
tion of a self-expandable heart valve stent
in a part-sectioned side elevation;

an embodiment of ahandle for aninsertion
system for trans-femoral/ trans-arterial in-
sertion of a self-expandable heart valve
stent in a part-sectioned side elevation;

an embodiment of a catheter tip for an in-
sertion system for trans-femoral / trans-
arterial insertion of a self-expandable
heart valve stent in a part-sectioned side
elevation;

an embodiment of a catheter system for
an insertion system for trans-femoral /
trans-arterial insertion of a self-expanda-
ble heart valve stent in a cross-sectional
elevation;

a schematic view to illustrate a trans-fem-
oral/trans-arterialimplantation procedure
of a heart valve stent; and

three-dimensional schematic part-sec-
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tioned view on the catheter tip of a trans-
femoral / trans-apical insertion system in
different functional states to illustrate the
implantation procedure of a heart valve
stent mounted in the catheter tip.

[0095] An embodiment of an insertion system 100-1
for trans-apical insertion of a self-expandable cardiac
valve stent into the body of a patient is described in the
following with reference to Figures 1 to 4. Figures 3a-d
and Figures 4a-d show the insertion system 100-1 of this
embodimentinits four different previously definable func-
tional states, while Figures 1 and 2 show the insertion
system 100-1 in a side elevation and partly sectioned
side elevation.

[0096] The insertion system 100-1 shown in Figures 1
to 4 is suitable for a trans-apical access to a heart valve
requiring treatment, for example an aortic valve. With the
insertion system 100-1, it is possible to implant a self-
expandable heart valve stent trans-apically, thus ap-
proaching from the apex of the heart, in the body of a
patient. To this end, the insertion system 100-1 has a
catheter system 30-1, by means of which the heart valve
stent not shown explicitly in Figures 1 to 4 can be intro-
duced in its folded-up state into the body of the patient.
[0097] In the insertion system 100-1 according to Fig-
ures 1to 4, a catheter tip 10-1 is provided at the proximal
end region of the catheter system 30-1, in which the heart
valve stent to be implanted into the body of the patient
can be housed. At the distal end region of the catheter
system 30-1, a handle 70-1 is provided, with which the
catheter tip 10-1 can be manipulated.

[0098] In detail, the catheter tip 10-1 of the trans-apical
insertion system has a stent holder 15 by means of which
the second retaining region of the stent to be implanted
into the body of the patient with the catheter tip 10-1 can
be releasably fixed. Further, the catheter tip 10-1 com-
prises a housing portion for accommodating at least the
first retaining region of the stent. In detail, the housing
portion consists of afirst housing portion 11 and a second
housing portion 21.

[0099] In the insertion system 100-1 designed for
trans-apical access, it is provided that the first housing
portion 11 of the catheter tip 10-1 is in the form of a stent
sheath, which is connected to the proximal end of tip 25
of the catheter tip 10-1, with its opening pointing in the
direction of the distal end region of the catheter tip 10-1.
The first housing portion 11, in the form of a stent sheath,
forms the outer circumferential surface of the catheter tip
10-1 when this - as shown, for example, in Fig. 4a - is in
its closed state.

[0100] In the insertion system 100-1 designed for a
trans-apical access, the second housing portion 21 of
the catheter tip 10-1 is in the form of a stent funnel, whose
opening points in the direction of the proximal end tip 25
of the catheter tip 10-1. The retaining hoops of the stent
and the heart valve prosthesis, where required, fastened
to the retaining hoops, can be mounted in the interior of
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the second housing portion 21 in the form of the stent
funnel. The second housing portion 21 in the form of the
stent funnel can be telescopically accommodated by the
first housing portion 11 in the form of the stent sheath,
when the catheter tip 10-1 (see Fig. 4a) is in the closed
state. In this way, the positioning hoops of the stent are
located between the outer circumferential surface of the
stent funnel and the inner circumferential surface of the
stent sheath when a heart valve stent is mounted in the
catheter tip 10-1.

[0101] Inrelation to the handle 70-1 of the trans-apical
insertion system 100-1, it is provided that this has a first
operating means 71 associated with the first housing por-
tion 11 and a second operating means 81 associated
with the second housing portion 21. The first operating
means 71 cooperates with the first housing portion 11 of
the catheter tip 10-1 so that, on actuation of the first op-
erating means 71, a previously definable longitudinal dis-
placement of the first housing portion 11 can be effected
relative to the stent holder 15. In addition, the second
housing portion 81 of the handle 30-1 cooperates with
the second housing portion 21 of the catheter tip 10-1 so
that, on actuation of the second operating means 81, a
previously definable longitudinal displacement of the
second housing portion 21 of the catheter tip 10-1 can
be effected relative to the stent holder 15.

[0102] With the insertion system 100-1 designed for
trans-apical access, on actuation of the first operating
means 71 of the handle 70-1, the first housing portion 11
of the catheter tip 10-1 can be moved in the longitudinal
direction L of the catheter tip 10-1 relative to the stent
holder 15, whereby the movement of the first housing
portion 11 takes place in a proximal direction, thus away
fromthe handle, to openthe cathetertip 10-1 ortorelease
a stent mounted in the catheter tip 10-1 (see Figs. 4b und
4d).

[0103] With the insertion system designed for trans-
apical access, on actuation of the second operating
means 81 of the handle 70-1, the second housing portion
21 of the catheter tip 10-1 can likewise be moved in the
longitudinal direction L of the catheter tip 10-1 relative to
the stent holder 15. In particular, the second housing por-
tion 21 is moved in the direction of the proximal end tip
25 of the catheter tip 10-1 to release a stent mounted in
the catheter tip 10-1 (see Fig. 4c).

[0104] In relation to the stent holder 15 forming part of
the catheter tip 10-1, it is provided in the embodiment of
the trans-apical insertion system 100-1 shown in Figures
1 to 4 that the stent holder 15 is in the form of a crown
with atotal of three projecting elements 16. The projecting
elements 16 of the crown are complementary to retaining
elements, for example implemented as retaining rings,
which are implemented on a retaining region of a stent
mounted or mountable in the catheter tip 10-1. Thus it is
possible for the projecting elements 16 of the crown to
form a releasable engagement with the retaining ele-
ments of the stent, therefore, in order to fasten the stent
releasably to the stent holder 15 of the catheter tip 10.
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[0105] As already explained, with the trans-apical in-
sertion system 100-1 it is provided that the first housing
portion 11 of the catheter tip 10-1 is designed as a tubular
or sleeve-shaped element, which acts as stent sheath
and which is connected permanently to the end tip 25 of
the catheter tip 10-1. The proximal-side end tip 25 of the
catheter tip 10-1 is formed from the most inelastic mate-
rial possible, such as a relatively strong plastic material
or metal. A bonded and/or positive locking connection is
particularly suitable for the joint between the end tip 25
and the first housing portion 11 in the form of the stent
sheath.

[0106] On the other hand, the proximal-side end tip 25
of the catheter tip 10-1 is connected to the first operating
means 71 of the handle 70-1 by means of a first force
transmission means 31 in the form of an inner catheter.
This has the result that, on actuation of the first operating
means 71, the proximal-side end tip 25 of the catheter
tip 10-1 can be displaced together with the first housing
portion 11 permanently attached to it relative to the stent
holder 15 in the longitudinal direction L of the catheter
tip 10-1.

[0107] As can be seen particularly in the illustration in
Fig. 2, in the trans-apical insertion system 100-1 an inner
catheter in the form of a cannula tube acts as first force
transmission means 31, which allows the transmission
of tensile and shear forces from the first operating means
71 of the handle 70-1 to the proximal-side end tip 25 and
consequently to the first housing portion 11 of the cath-
eter tip 10-1. In detail, the inner catheter in the form of a
cannula tube (first force transmission means 31) extends
from a first injection adapter 99a provided at the distal
end of the handle 70-1 in the direction of the longitudinal
axis L of the insertion system 100-1 to the proximal-side
end tip 25 and is used to receive and guide a guide wire
not explicitly shown in Figures 1 to 4, as well as for drain-
ing and supplying fluid from or to the catheter tip 10-1,
as can be necessary where applicable during insertion
of the catheter tip 10-1 into the body of the patient.
[0108] In the trans-apical insertion system 100-1, the
second housing portion 21 of the catheter tip 10-1 is in
the form of a stent funnel configured as a tubular or
sleeve-shaped element. The stent funnel (second hous-
ing portion 21) is connected by means of a second force
transmission means 41 to the second operating means
81 of the handle 70-1 so that, on actuation of the second
operating means 81, tensile or shear forces can be trans-
mitted to the second housing portion 21 of the catheter
tip 10-1. This allows the second housing portion 21 in the
form of a stent funnel to be displaced relative to the stent
holder 15 on one side and the first housing portion 11 on
the other side in the longitudinal direction L of the catheter
tip 10-1.

[0109] As already indicated, with the trans-apical in-
sertion system 100-1, it is preferred that the first housing
portion 11 of the catheter tip 10-1 is in the form of a stent
sheath, for example a long extended capillary. The sec-
ond housing portion 21 is preferably implemented as a
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stent funnel, also in the form of a long extended capillary,
for example. The inside diameter of the tubular or sleeve-
shaped first housing portion 11 should be chosen to be
larger than the outside diameter of the similarly tubular
or sleeve-shaped second housing portion 21, so that the
second housing portion 21 can be accommodated tele-
scopically inside the first housing portion 11.

[0110] Inthe embodiment of the trans-apical insertion
system 100-1 shown in Figures 1 to 4, the stent holder
15 is in the form of a cylindrical element, which is
equipped with suitable retaining elements 16. The retain-
ing elements 16 are used to form a releasable connection
with a retaining region of a heart valve stent not shown
in the representations in Figs. 1 to 4, when this heart
valve stent is mounted in the catheter tip 10-1. It is also
possible to configure the retaining elements 16 of the
stent holder 15 so that these can form a releasable en-
gagement with the retaining elements of the stent.
[0111] Inthe representationsin Figs. 1 to 4, the retain-
ing elements 16 on the stent holder 15 are designed as
projecting elements which can be brought into engage-
ment with corresponding retaining rings of complemen-
tary form. However, it would also be possible to form the
retaining elements 16 of the stent holder 15 as depres-
sions or recesses which are introduced into the cylindrical
body of the stent holder 15 and which are designed to
accommodate corresponding retaining elements of com-
plementary form of the heart valve stent.

[0112] Inthe trans-apical insertion system 100-1in ac-
cordance with the embodiment shown in Figs. 1 to 4, the
stentholder 15 is permanently located relative to the han-
dle 70-1 so that, for example, when the handle 70-1 is
rotated about the longitudinal axis L of the insertion sys-
tem 100-1, the stent holder 15 participates in this rotary
movement. It is possible here for the stent holder 15 to
be connected with the handle 70-1 by means of a con-
necting means permanently attached to the body 70’ of
the handle 70-1.

[0113] More detail is given in the following of an em-
bodiment of a catheter system 30-1 for a trans-apical
insertion system 100-1 with reference to Figures 2, 6, 8
and 9.

[0114] The catheter system 30-1 is used to introduce
an expandable heart valve stentin its folded-up state into
the body of the patient. At the proximal end region 39 of
the catheter system 30-1 is the catheter tip 10-1, in which
the heart valve stent is or can be accommodated with
the aid of the first and second manipulable housing por-
tion 11, 21. At the distal end region 49 of the catheter
system 30-1is a handle 70-1, yet to be described in more
detail, which is used for appropriate manipulation of the
manipulable housing portions 11, 21 of the catheter tip
10-1, to allow a stepwise release of the heart valve stent
from the catheter tip 10-1.

[0115] In detail, the catheter system 30-1 exhibits at
least one first force transmission means 31 and at least
one second force transmission means 41, whereby the
first force transmission means 71 of the handle 70-1 con-
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nects to the first housing portion 11 of the catheter tip
10-1. The second operating means 81 of the handle 70-1
is connected by means of the second force transmission
means 41 with the second housing portion 21 of the cath-
eter tip 10-1.

[0116] In the embodiment of the catheter system 30-1
shown in Figures 2, 6, 8 and 9, the second force trans-
mission means 41 is configured as a tubular element,
the distal end of which is connected to the second oper-
ating means 81 of a handle 70-1. The proximal end of
the second force transmission means 41 in the form of
an outer catheter merges into the second housing portion
21 of the catheter tip 10-1 in the form of the stent funnel
in a region between the catheter system 30-1 and the
catheter tip 10-1. It is possible to configure the second
housing portion 21 in the form of the stent funnel and the
second force transmission means 41 in the form of the
outer catheter in one piece. However, there is also of
course the possibility of joining the distal end of the sec-
ond housing portion 21 in the form of the stent funnel to
the proximal end of the second force transmission means
41 in the form of the outer catheter, for example by bond-
ing them using an adhesive.

[0117] So thatthere is no step or edge in the transition
region between the catheter system 30-1 in the catheter
tip 10-1 which can lead to an injury to the tissue of the
apex of the heart during the insertion of the catheter sys-
tem 30-1 (i.e. with the catheter tip 10-1 in the closed
state), it is preferable that the outside diameter of the
second force transmission means 41 in the form of the
outer catheter is essentially identical to the outside diam-
eter of the first housing portion 11 in the form of the stent
sheath. This can be achieved by providing at least one
step between the second housing portion 21 in the form
of the stent funnel and the second force transmission
means 41 in the form of the outer catheter.

[0118] In the embodiment of the catheter system 30-1
shown in Figures 2, 6, 8 and 9 for the trans-apical inser-
tion system 100-1, a catheter in the form of a cannula
tube is used as first force transmission means 31, ex-
tending in the implementation, for example according to
theillustrationsin Figures 1to 4, from the distal end region
of the handle 70-1 to the proximal-side end tip 25 of the
catheter tip 10-1.

[0119] The first force transmission means 31 imple-
mented as a cannula tube can be connected at the distal
end of the insertion system 100-1 to a (first) injection
adapter 99a; it would be possible, for example, to form
the distal end of the first force transmission means 31 as
the injection adapter 99a.

[0120] When the insertion system 100-1 is used for
implanting an expandable heart valve stent accommo-
dated in the catheter tip 10-1 at the implantation location
in the heart, itis preferable that a guide wire (not explicitly
shown in the drawings) is passed through the first force
transmission means 31 implemented as a cannula cap-
illary.

[0121] As already indicated, it is provided with the
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trans-apical insertion system 100-1 that the stent to hold
15 of the catheter tip 10-1 is preferably permanently at-
tached to the handle 70-1 or the body 70’ of the handle
70-1 sothat, in relation to the stent holder 15, in particular
the degree of freedom of rotational movement about the
longitudinal axis L of the insertion system 100-1 and a
degree of freedom of movement in the direction of the
longitudinal axis L of the insertion system 100 -1 are fro-
zen. Thus the stent holder 15 cannot be moved at least
in the longitudinal direction L of the insertion system
100-1 relative to the body 70’ of the handle 70-1. Like-
wise, a rotational movement of the stent holder 15 about
the longitudinal axis L of the handle 70-1 is excluded.
[0122] The stentholder 15is fixed relative to the handle
70-1, for example, by means of a connecting means 42
permanently attached to the body 70’ of the handle.
[0123] In a preferred implementation of the catheter
system 30-1 used with the trans-apical insertion system
100-1, it is provided that the second force transmission
means 41, which connects the second operating means
82 of the handle 70-1 to the second housing portion 21
inthe form of the stent funnel, is implemented as an outer
catheter, while the first force transmission means 41 im-
plemented as a cannula capillary is passed through the
interior of the outer catheter (second force transmission
means 41). A further cannula capillary, for example, can
be considered as connecting means 42 to fix the stent
holder 15 relative to the handle 70-1, running through the
interior of the second force transmission means 41 in the
form of the outer catheter. The first force transmission
means 31 implemented as a cannula capillary is then
passed through the interior of the connecting means 42
in the form of a cannula capillary. Alternatively, as con-
necting means, it is possible to use a further cannula
capillary which runs both through the outer catheter cap-
illary and through the first force transmission means 41
implemented as cannula capillary.

[0124] Thus the first housing portion 11 of the catheter
tip 10-1 of the trans-apical insertion system 100-1 is de-
signed to accommodate the second housing portion 21
of the catheter tip 10-1 with the functional components
of the stent mounted in it, for example with retaining
hoops of the stent.

[0125] In relation to the embodiment of a handle 70-1
for the trans-apical insertion system 100-1 in accordance
with Figures 1 to 7, it is preferably provided that the first
operating means 71, which cooperates with the first
housing portion 11 of the catheter tip 10 by means of the
first force transmission means 31, has a first slide 74
guided in a first guide 72 and functionally connected to
a first pusher 73. This first slide 74 cooperates with the
first housing portion 11 of the catheter tip 10-1 associated
with the first operating means 71 by means of the first
force transmission means 31 so that, on actuation of the
first operating means 71, tensile and shear forces can
be transmitted from the first slide to the first housing por-
tion 11 (stent sheath) of the catheter tip 10-1.

[0126] With the handle 70-1 for the trans-apical inser-



27 EP 2 810 619 A1 28

tion system 100-1, a second operating means 81 is fur-
ther provided, which is functionally connected by means
of the second force transmission means 41 to the second
housing portion 21 of the catheter tip 10-1. The second
actuating means 81 has a second slide 84 guided in a
second guide 82 and functionally connected to a second
pusher 83 , whereby this second slide 84 is functionally
connected with the second housing portion 21 of the cath-
eter tip 10-1 associated with the second operating means
81 by means of the second force transmission means 41
so that, on actuation of the second operating means 81
and, in particular, on actuation of the second slide 84,
force can be directly transmitted from the second slide
84 to the second housing portion 21 (stent funnel) of the
catheter tip 10.

[0127] In relation to the second actuating means 81 of
the handle 70-1 used with the insertion system 100-1
shown in Figures 1 to 4, it is further provided that the
handle 70-1 has a first and a second stop 85, 86, each
associated with the second operating means 81 and de-
signed to define the longitudinal displacement stroke of
the second housing portion 21 (stent funnel) of the cath-
eter tip 10-1 that can be effected by actuation of the sec-
ond operating means 81. In particular, the displacement
distance (displacement stroke) that can be realised with
the second pusher 83 of the second operating means 81
is correspondingly defined.

[0128] Itis further provided with the trans-apical inser-
tion system 100-1 in accordance with the first embodi-
ment that the handle 70-1 has a first and a second stop
75,76, which are each associated with the first operating
means 71 and which define the overall longitudinal dis-
placement stroke of the first housing portion 11 (stent
sheath) of the catheter tip 10-1 that can be effected on
actuation of the first operating means 71.

[0129] In addition to the first and second stops 75, 76
associated with the first operating means 71, the handle
70-1 in the embodiment of the trans-apical insertion sys-
tem 100-1 shown in Figures 1 to 4 comprises a further,
third stop 77 associated with the first operating means
71, which cooperates with the first stop 75 on one side
and the second stop 76 on the other so that, on actuation
of the first operating means 71, a stepwise longitudinal
displacement of the first slide 74 on the first guide 72 can
be effected, consisting of two separate steps, and con-
sequently a stepwise longitudinal displacement, consist-
ing of two separate steps, of the first housing portion
(stent sheath) of the catheter tip 10-1 relative to the stent
holder 15 and crown of the catheter tip 10-1.

[0130] While the third stop 77 associated with the first
operating means 71 is suitably positioned on the first
guide 72 between the first and second stop 75, 76 asso-
ciated with the first operating element 71, the first and
third stop 75, 76 on one side and the second and third
stop 76, 77 on the other define the longitudinal displace-
ment stroke of the first housing portion 11 (stent sheath)
of the catheter tip 10-1 on each separate step that is
effected on actuation of the first operating means 71.
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[0131] Inthe embodiment of the trans--apical insertion
system 100-1 shown in Figures 1 to 4, it is provided that
the third stop of the handle 70-1, specified previously,
which is associated with the first operating means 71, is
in the form of a stop element 77’ releasably fastened on
the first guide 72 of the first slide 74.

[0132] Finally, itis further provided for the handle 70-1
of the trans-apical insertion system 100-1 shown in Fig-
ures 1- 4 that the first operating means 71 and the second
operating means 81 are each associated with at least
one securing element 79, 89. In particular, the first se-
curing element 79 associated with the first operating
means 71 of the handle 70-1 is implemented as an ele-
ment that can be removed from the first slide 74 or from
the first pusher 72 of the first operating means 71. This
securing element 79 cooperates with the first slide 74 so
thatthe longitudinal displacement of the first housing por-
tion 11 (stent sheath) of the catheter tip 10-1 that can be
effected with the first operating means 71 can be blocked.
[0133] The second securing element 89, which is as-
sociated with this second operating means 84, is similarly
implemented as an element that can be removed from
the second slide 84 or from the second pusher 83 of the
second operating means 81 which cooperates with the
second operating means 81 so that a longitudinal dis-
placement ofthe second housing portion 21 (stentfunnel)
of the catheter tip 10-1 that can be effected with the sec-
ond operating means 80 can be blocked.

[0134] The four different functional states realisable
with a trans-apical insertion system 100-1 are described
in the following, initially with reference to the drawings in
Figures 4a to 4d.

[0135] Fig. 4a shows an embodiment of a trans-apical
insertion system 100-1 in its first functional state, in which
the catheter tip 10-1 is completely closed. As already
indicated, a self-expandable heart valve stent (not shown
in Fig. 4a) can be housed in the catheter tip 10-1 in the
corresponding housing portion 11, 12 of the catheter tip
10-1.

[0136] In the first functional state in accordance with
Fig. 4a, the respective pushers 73 and 83 and the re-
spective slides 74 and 84 of the operating means 71 and
81 are located in their first position (Pos. 1). In particular,
the second pusher 83 of the second operating means 81
abuts the first stop 85 provided on the catheter tip-side
end of the second guide 82. In this first position, the sec-
ond pusher 83 is fixed by the securing element 83 so that
a longitudinal displacement of the second pusher 83 and
the slide 84 of the second operating means 21 on the
second guide 82 in the direction of the second stop 86
associated with the second operating means 21 is
blocked.

[0137] In the first functional state in accordance with
Fig. 4a, the first pusher 73 and the first slide 74 of the
first operating means 71 are also in the first position (Pos.
1) at the first stop 75 of the first operating means 71. The
first stop 75 of the first operating means 71 is located at
the distal end of the first guide 72. In this first position,
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the first pusher 74 and the first slide 74 of the first oper-
ating means 71 is anchored with the aid of the second
securing element 89, to block a longitudinal displacement
of the first pusher 73 and the first slide 74 along the first
guide 72 in the direction of the catheter tip 10.

[0138] Asalready indicated, the catheter tip 10-1 of the
insertion system 100-1 is in a completely closed state in
the first functional state of the trans-apical insertion sys-
tem 100-1 (see Fig. 4a). In this state, the first and second
housing portion 11, 12 of the catheter tip 10-1, in the form
of sleeve-shaped elements interlock telescopically. The
respective inside and outside diameters of these sleeve-
shaped elements are appropriately coordinated with one
another. As is described in detail in the following, the
sleeve-like first and second housing portion 11, 21 of the
catheter tip 10-1 are coordinated with one another in re-
lation to their respective inside and outside diameters so
that the folded-up retaining hoops of the stent mounted
or to be mounted in the catheter tip 10 with the heart
valve prosthesis fastened to them can be held in the sec-
ond housing portion 21 in the form of the stent funnel.
The folded-up positioning hoops of the stent are housed
between the second housing portion 21 in the form of the
stent funnel and the first housing portion 11 in the form
of the stent sheath and are held in their folded form.
[0139] The catheter tip 10-1 can be inserted into the
body of the patient in the first functional state of the in-
sertion system 100-1 (see Fig. 4a) and can be advanced
to the desired implantation location. With the trans-apical
insertion system 100-1 in accordance with the first em-
bodiment, access to the implantation location, i.e. to the
diseased heart, can be carried out trans-apically, thus
approaching from the apex of the heart, since the stent
holder 15 is located at the proximal region of the catheter
tip 10-1, while distal from this is the second housing por-
tion 21 (stent funnel) of the catheter tip 10-1.

[0140] Fig. 4b shows the insertion system 100-1 in ac-
cordance with Fig. 4a in its second functional state. This
second functional state is discontinued as soon as the
catheter tip 10-1 has reached the implantation location
in the body of the patient. As is explained in detail in the
following, with reference to Figures 4b to 4d, when the
catheter tip 10-1 has reached the implantation location,
the appropriate manipulations of the individual housing
portion 11, 21 of the catheter tip 10-1 are carried out.
These manipulations are necessary to release the stent
housed in the catheter tip 10-1 in the steps in accordance
with a previously defined sequence of events. How this
stepwise release of the stent mountable or mounted in
the catheter tip 10 can be implemented with the aid of
the insertion system 100-1 through directed movements
of the individual housing portion 21, 11 of the catheter
tip 10-1 is described in detail in the following.

[0141] After the catheter tip 10-1 has reached the im-
plantation location, the insertion system 100-1 is trans-
ferred from the first functional state shown in Fig. 4a to
the second functional state shown in Fig. 4b by actuation
of the first operating means 71. In particular, the securing
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element 79 associated with the first operating means 71
is removed, as a result of which blocking of the capacity
of the first pusher 73 and the first slide 74 for longitudinal
displacement is removed.

[0142] After removal of the securing element 79 from
the first operating means 71 and after the removal of the
block on the first pusher 73 and the first slide 74, the first
pusher 73 and the first slide 74 are moved along the first
guide 72 in the direction of the catheter tip 10-1 from the
first position (Pos. 1) to the second position (Pos. 2). The
second position (Pos. 2) is determined by the third stop
77 located between the first stop 75 (Pos. 1) and the
second stop 76.

[0143] The first housing portion 11 (stent sheath) of
the catheter tip 10-1 associated with the first operating
means 71 is moved by an actuation of this type of the
first operating means 71 in a proximal direction relative
to the stent holder 15. The amount of movement, i.e. the
degree of longitudinal displacement of the first housing
portion 11 (stent sheath) of the catheter tip 10-1 relative
to the stent holder 15, is determined by the longitudinal
displacement stroke between the first position (Pos. 1)
and the second position (Pos. 2) that can be effected with
the first pusher 73 and the first slide 74.

[0144] The resulting movement of the first mounting
area 11 (stent sheath) of the catheter tip 10-1 relative to
the stent holder 15 has the result that the telescopic-like
overlapping between the two sleeve-shaped first and
second housing portion 11, 21 is removed. For this pur-
pose, the amount of movement of the first housing portion
11 relative to the stent holder 15 and relative to the sec-
ond housing portion 21 and, consequently, the longitu-
dinal displacement stroke that can be effected with the
first pusher 73 and the first slide 74 is chosen so that the
sleeve-shaped first housing portion 11 (stent sheath) no
longer surrounds the second housing portion (stent fun-
nel) telescopically but nevertheless covers the stent hold-
er 15 and particularly the fixing elements 16 of the stent
holder. As a result, in this second functional state of the
insertion system 100-1 (see Fig. 4b), the heart valve stent
mounted or mountable in the catheter tip 10-1 is kept
anchored to the stent holder 15 of the catheter tip 10-1.
[0145] As is described in detail in the following with
reference to the drawings of Figures 10a to 10d, in the
second functional state of the insertion system 100-1
(see Fig. 4b) the retaining hoops 153 of a stent 150
mounted in the catheter tip 10-1 with a heart valve pros-
thesis fastened to them are held by the second housing
portion 21 (stent funnel) of the catheter tip 10-1, still in
their folded-up form, since these components of the stent
153 are accommodated unchanged from the first func-
tional state in accordance with Fig. 4a in their folded-up
form in the second housing portion 21 (stent funnel) of
the catheter tip 10-1.

[0146] Likewise, the engagement between the retain-
ing elements 151 provided on the stent 150 and the cor-
responding retaining elements 16 of the stent holder 15
in a complementary configuration is secured by means
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of the distal end of the first housing portion 11, so that
the second retaining region of the stent 150, on which its
retaining elements 151 are provided, is also (still) in its
folded-up state with the aid of the first housing portion
11. As already explained, this is made possible since the
distal end of the first housing portion 11 still covers the
stent holder 15 with the retaining elements 16.

[0147] On the other hand, however, the first housing
portion 11 (stent sheath) of the catheter tip 10-1 has been
moved by manipulation of the first operating means 71
away from the handle 70 in the proximal direction relative
to the stent holder 15 and the second housing portion 21
(stent funnel), so that the positioning hoops 154 of the
stent 150 mounted or mountable in the catheter tip are
no longer covered by the first housing portion 11 (stent
sheath). Expressed in another way, this means that, by
the longitudinal displacement of the first housing portion
11 (stent sheath) effected in the second functional state
ofthe insertion system 100-1, the telescopic-like housing
of the positioning hoops 154 of the stent 150 between
the first and second housing portion 11, 21 of the catheter
tip 10-1 in the first functional state (see Fig. 4a) is ended.
Thus in the second functional state of the insertion sys-
tem 100-1 (see Fig. 4b) the first housing portion 11 (stent
sheath) no longer undertakes the function of retaining
the positioning hoops 154 of the stent 150 in their folded-
up form, so that these are released and correspondingly
can unfold.

[0148] As can be seen in detail in the illustrations in
Figures 10ato 10d, the positioning hoops 154 of the stent
150 are opened after having been released because of
the radialforces actingin aradial direction. These opened
positioning hoops 154 can be positioned in the pockets
of the native heart valve.

[0149] After the positioning hoops 154 of the stent 150
have been positioned in the pockets of the native heart
valve, the insertion system 100-1 is transferred from the
second functional state shown in Fig. 4b to the third func-
tional state shown in Fig. 4c. This is done by removing
the securing element 89 associated with the second op-
erating means 81 of the handle 70-1 and consequently
the longitudinal displaceability of the second push 83 and
the second slide 84 is restored.

[0150] After the securing element 89 has been re-
moved, the second pusher 83 and the second slide 84
are displaced along the second guide 82 from the first
position (Pos. 1) to the second position (Pos. 2). The
longitudinal displacement stroke that can be effected is
defined by the second stop 86 of the second operating
means 81, which is located at the distal end of the second
guide 82.

[0151] As a result of the manipulation of the second
operating means 21, the second housing portion 21
(stent funnel) of the catheter tip 10-1 associated with the
second operating means 21 is moved relative to the stent
holder 15 of the catheter tip 10-1 and also relative to the
first housing portion 11 (stent sheath) in the distal direc-
tion towards the handle 70. The movement stroke of the

10

15

20

25

30

35

40

45

50

55

17

second housing portion 21 thus corresponds to the lon-
gitudinal displacement stroke effected between the sec-
ond pusher 83 and the second slide 84. This movement
of the second housing portion 21 (stent funnel) relative
to the stent holder 15, on the one hand, and the first
housing portion 11 on the other - by a suitable choice of
the longitudinal displacement stroke that can be realised
with the second operating means 81 - has the result that
the second housing portion 21 no longer covers the first
retaining region of the stent 150 with the retaining ele-
ments 151 and consequently the retaining hoops 153 of
the stent 150 with the heart valve prosthesis fastened to
them are released. Due to the radial forces acting on the
retaining region, release of the retaining elements 151
of the stent 150 leads to a complete unfolding of the re-
taining region of the stent 150 (see Fig. 10d).

[0152] Since the distal end of the first housing portion
11 (stent sheath) of the catheter tip 10-1 still covers the
stent holder 15 in the third functional state of the insertion
system 100-1 (see Fig. 4c or Fig. 10c), though, the en-
gagement between the retaining elements 16 of the stent
holder 15 and the retaining elements 151 of the stent 150
remains secure, so that the stent 150, in spite of the un-
folding of its retaining hoops 153, remains functionally
connected to the catheter tip 10-1 of the insertion system
100-1 and an explantation of the stent 150 with the heart
valve prosthesis attached to it is still possible. They ex-
plantation would take place according to a corresponding
reverse sequence, whereby the first the insertion system
100-1 is transferred from the third functional state to the
second functional state and then into the first functional
state.

[0153] After the complete release of the retaining
hoops 153 of the stent 150 and after a check of the func-
tion of the unfolded heart valve prosthesis, if there are
no abnormalities during the check, the stent 150 is fully
released. This is done by transferring the insertion sys-
tem 100-1 from its third functional state shown in Fig. 4c
to the fourth functional state shown in Fig. 4d.

[0154] In the fourth functional state, the stop element
77’ provided between the first stop 75 and the second
stop 76 on the first guide 72 of the first operating means
71, which defines the third stop 77 in the second func-
tional state in accordance with Fig. 4b, has been re-
moved. As a consequence, the first pusher 73 and the
first slide 74 of the first operating means 71 can be moved
further in the direction of the catheter tip 10-1 on the first
guide 72 from the second position (Pos. 2) to the third
position (Pos. 3). This third position (Pos. 3) is defined
by the second stop 7b at the proximal end of the first
guide 72. Thus a previously defined (further) displace-
ment of the first slide 74 takes place, as a result of which
the first housing portion 21 (stent sheath) associated with
the first operating means 71 is moved by the longitudinal
displacement stroke effected with the further manipula-
tion of the first operating means 71 relative to the stent
holder 15 in the proximal direction further away from the
handle 70-1.
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[0155] The longitudinal displacement stroke effected
with the further manipulation of the first operating means
71 is chosen appropriately so that, with the movement
of the first housing portion 11 (stent sheath) relative to
the stent holder 15, cover of at least the retaining ele-
ments 16 of the stent holder 15 with the distal end region
of the first housing portion 11 is eliminated. Removal of
the cover of the retaining elements 16 of the stent holder
15 with the first housing portion 11 has the consequence
thatthe engagement between the retaining elements 151
provided on the stent 150 and the retaining elements 16
of the stent holder 15 is lost, leading to a now complete
release of the stent 150 as well (see Fig. 10d) and cor-
respondingly to a complete unfolding of the heart valve
prosthesis attached to the stent 150.

[0156] Figures 3ato 3d show the trans-apical insertion
system 100-1 for different functional states previously
defined with reference to Figures 4a to 4d, whereby the
depiction now starts with the fourth functional state (see
Fig. 3a) and ends via the third functional state (see Fig.
3b) and the second functional state (see Fig. 3¢) with the
first functional state (see Fig. 3d). The sequence shown
in Fig. 3 is used to make clear a procedure with which a
stent 150 shown for example in Fig. 10 in the catheter
tip 10-1 of the trans-apical insertion system 100-1 is used.
[0157] The loading process, as is shown in steps in
Figures 3ato 3d, corresponds in reverse to the procedure
shown in Fig. 4a to 4d for releasing a stent 150 accom-
modated in the catheter tip 10-1 of the trans-apical inser-
tion system 100-1. To avoid repetition, reference will be
made to the details in Figures 4a to 4d.

[0158] Fig. 1 shows an embodiment of a trans-apical
insertion system 10-1 in an enlarged representation in
its first functional state in accordance with Fig. 3d and
Fig. 4a. In particular, separate longitudinal displacement
strokes that can be effected with the first and second
operating means 71 and 81 are indicated in Fig. 1. It can
be seen that the longitudinal displacement stroke of the
second operating means 81 between the first stop 85
and the second stop 86 is a total of approx. 16 mm for
the embodiment shown. It can be further seen the total
longitudinal displacement stroke that can be effected with
the first operating means 71 is approx. 37 mm. The over-
all longitudinal displacement stroke is divided by the stop
element 77’ provided removably on the first guide 72 into
two separate displacement strokes. For theinsertion sys-
tem 100-1, a longitudinal displacement of 24 mm of the
firsthousing portion 11 (stent sheath) relative to the stent
holder 15 is provided for the transition from the first func-
tional state into the second functional state. On transition
from the third functional state into the fourth functional
state of the insertion system 100-1, i.e. after removal of
the stop element 77’ from the first operating means 71,
a subsequent (further) longitudinal displacement of a to-
tal of approx. 13 mm of the first housing portion 11 is
provided relative to the stent holder 15.

[0159] Because of the fact that, with the trans-apical
insertion system 100-1, the handle 70-1 has on the one
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hand a first and a second stop 85, 86, which are each
associated with the second operating means 81 and are
designed to define the total longitudinal displacement
stroke of the second housing portion 21 (stent funnel) of
the catheter tip 10-1 that can be effected on actuation of
the second operating means 81 and, on the other hand,
has a first, second and third stop 75, 76 and 77 which
are each associated with the first operating means 71
and are designed to define the total longitudinal displace-
ment stroke of the first housing portion 11 (stent sheath)
of the catheter tip 10-1 that can be effected on actuation
of the first operating means 71, the insertion system
100-1 isimplemented so that the respective housing por-
tion 11, 21 of the catheter tip 10-1 can be manipulated
according to a previously definable sequence of events,
for example to allow the release of a stent mounted or
mountable in the catheter tip 10-1 at the implantation
location to be carried out almost "automatically" without
the doctor carrying out the treatment having to have a
special skill for, in particular, positioning and fixing the
stent at the implantation site.

[0160] The previously definable sequence of events
for release of the stent mountable in the catheter tip 10-1
at the implantation location is obtained with the embod-
iment of the trans-apical insertion system, for example,
in Figures 1 to 4, in particular by provision of the third
stop 77 associated with the first operating means 71 in
the form of a stop 77’ releasably fastened on the first
guide 72 of the first slide 74 forming part of the first op-
erating means 34. This third stop 77 cooperates with the
first stop 75 on one side and with the second stop 76 on
the other side so that, on actuation of the second oper-
ating means 71, a stepwise longitudinal displacement of
the first housing portion 11 of the catheter tip 20, consist-
ing of two defined individual steps, can be effected rela-
tive to the stent holder 15 in the catheter tip 10-1. In par-
ticular, the first and third stop 75, 77 on one side and the
second and third stop 76, 77 on the other side define the
longitudinal displacement stroke of the first housing por-
tion 11 of the catheter tip 20 that can be effected on ac-
tuation of the first operating means 71.

[0161] The longitudinal displacement strokes specified
in Fig. 1 are indicative examples, which can of course be
altered depending on the individual case and are partic-
ularly dependent on the size of the stent to be accom-
modated in the catheter tip 10-1 of the insertion system
100-1.

[0162] Fig. 2 shows the trans-apical insertion system
100-1 in accordance with Fig. 1 in a part-sectioned rep-
resentation, to allow the mechanics of the respective op-
erating means 71 and 81 to be explained more clearly.
As is shown, the first operating means 71 exhibits the
first slide 74 guided in the first guide 72 and functionally
connected with the first pusher 73. This first slide 74 is
functionally connected to the first housing portion 11
(stent sheath) of the catheter tip 10-1 associated with the
first operating means 71 by means of the first force trans-
mission means 31 of the catheter system 30-1 so that,
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on actuation of the first operating means, and in particular
the first slide 74, itis possible to transmit a force directly
from the first slide 74 to the first housing portion 11 (stent
sheath) of the catheter tip 10-1.

[0163] Further, it can be seen from the representation
in Fig. 2, that the third stop 77 associated with the first
operating means 77 is in the form of a stop element 44
releasably fastened on the first guide of the first slide 74.
[0164] In relation to the second operating means 81,
in the embodiment of the trans-apical insertion system
10-1 according to Figures 1 to 4 it is provided that the
second operatingmeans 81 has a second slide 84 guided
in a second guide 82 and functionally connected to the
second pusher 83. This second slide 84 is functionally
connected with the second housing portion 21 (stent fun-
nel) of the catheter tip 10-1 associated with the second
operating means 81 by means of the second force trans-
mission means 41 already mentioned so that, on actua-
tion of the second operating means 81, and in particular
of the second slide 84, force can be directly transmitted
from the second slide 84 to the second housing portion
21 of the catheter tip 10-1.

[0165] The securing element 79, 89 associated with
the respective operating means 71 and 81 co-operate
with the respective pushers 73, 83 of the operatingmeans
71, 81 so that, on the one hand, a longitudinal displace-
ment of the associated second slide 84 that can be ef-
fected with the second operating means 81, consequent-
ly producing a longitudinal displacement of the second
housing portion 21 of the catheter tip 10-1 and, on the
other hand, alongitudinal displacement of the associated
first slide 74 that can be effected with the first operating
means 71, consequently producing a longitudinal dis-
placement of the first housing portion 11 of the catheter
tip 20, can be blocked. The respective securing elements
79 and 89 can each be removed from the associated
operating means 71 and 81 where required, to transfer
the insertion system 100-1 from one functional state into
another functional state.

[0166] The catheter system 30-1 used with the inser-
tion system 100-1 designed for trans-apical access and
depicted in Figures 1to 4 is described later with reference
to Figures 6, 8 and 9.

[0167] A procedure for implanting a stent 101 carried
out trans-apically is described in more detail in the fol-
lowing with reference to Figures 10a to 10d. A trans-api-
cal insertion system 100-1 of the type described previ-
ously is used.

[0168] The proximal end region 39 of the catheter sys-
tem 30-1 with the catheter tip 10-1 is shown in detail in
the representationin Fig. 10a, whereby the insertion sys-
tem 100-1 is in its first functional state (see Fig. 4a). A
self-expandable heart valve stent is housed in the cath-
eter tip 10-1. An endoprosthesis, for example, can be
used as heart valve stent 150, as shown in Figures 22a
to 22c and is described in European Patent Application
No. 08 151 963.

[0169] As described previously in relation to Fig. 4a,
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for example, the insertion system 100-1 in the represen-
tation of Fig. 10a is in its first functional state, in which
retaining elements 151 (here retaining rings) of this stent
150 are in engagement with retaining elements 16 (here
projecting elements) of the stent holder 15, while the re-
taining hoops 153 of the stent 150 with the heart valve
prosthesis which can be attached to them and not explic-
itly shown in the representation of Fig. 10 are housed in
the sleeve-shaped second housing portion 21 (stent fun-
nel) of the catheter tip 10-1.

[0170] The positioning hoops 154 of the stent 150 in
the first functional state of the insertion system 100-1 are
between the sleeve-shaped second housing portion 21
and the similarly sleeve-shaped first housing portion 11
of the catheter tip 10-1, whereby the two housing portions
11, and 21 are arranged to overlap telescopically. In par-
ticular, the first housing portion 11 of the catheter tip 10-1
covers the following components: the second retaining
region of the stent 150, on which the retaining elements
151 are provided; the positioning hoops 154 of the stent
150; and the sleeve-shaped second housing portion 21
of the catheter tip 10-1.

[0171] The (first) retaining region of the stent 150 re-
mote from the retaining elements 151 of the stent 150 is
housed in the second housing portion 21 with the retain-
ing hoops 153 and the heart valve prosthesis (not shown
in the illustration in Fig. 10).

[0172] A shape memory material is preferably used as
stent material, whereby the shape memory effect and
with it the permanent configuration of the stent 150 is
initiated through the effect of an external stimulus. It is
particularly preferred that this external stimulus is a de-
finable critical temperature, so that the stent material
must be heated to a temperature higher than the critical
temperature in the range to initiate the shape memory
effect and thus to recover the stored permanent config-
uration of the stent 150. In relation to the area of use of
the insertion system 100-1 described here, it is preferred
that the critical temperature is in the range between room
temperature and the body temperature of the patient.
Thus, when implanting the stent 150, care must be taken
that the stent 150 is appropriately cooled, for example
by flushing the catheter system 30-1 and the catheter tip
10-1 of the insertion system 100-1 with a suitable coolant,
possibly with a saline solution, using an injection adapter
99a provided in the handle 70-1.

[0173] The catheter tip 10-1, in the state shown in Fig.
10a, is advanced to the insufficient native heart trans-
apically, i.e. approaching from the apex of the heart.
Trans-arterial access is also possible, of course, when,
instead of the insertion system 100-1 shown in Fig. 10,
a trans-femoral or trans-arterial insertion system 100-2,
which is yet to be described with reference to Figures 11
to 19, is used.

[0174] When the catheter tip 10-1 with the stent 150
accommodated in the catheter tip 10-1 has been ad-
vanced to the desired implantation location, cooling is
interrupted, with the result that the stent 150 heats up to
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the body temperature of the patient (36°C) and conse-
quently the shape memory effect of the stent material is
initiated.

[0175] Due to the self-expanding characteristic of the
stent that is thus initiated, radial forces develop, which
act on the individual components of the stent 150 and
particularly on the respective positioning hoops 154 and
the retaining hoops 153. Since the retaining hoops 153
of the stent 150 are still housed in the sleeve-shaped
second housing portion 21 of the catheter tip 10-1, the
retaining hoops 153 are held in the folded-up configura-
tions despite initiation of the shape memory effect. The
positioning hoops 154 of the stent 150 together with the
(first) retaining region of the stent facing the proximal-
side end tip 25 of the catheter tip 10-1 are positively held
by the sleeve-shaped first housing portion 11 in their fold-
ed-up configuration.

[0176] After the implantation location has been
reached, the positioning hoops 154 of the stent 150 are
released, following a suitable stepwise release of the
stent from the insertion system 10-1. This is achieved by
transferring the insertion system 10-1 from its first func-
tional state (see Fig. 10a) to its second functional state
(see Fig. 10b), as has previously been described in detail
with reference, for example, to Fig. 4a and Fig. 4b and
is shown in Fig. 10b. The first housing portion 11 of the
catheter tip 10-1 is moved relative to the stent holder 15
in the proximal direction, and thus away from the handle,
by manipulation of the first operating means 71 of the
handle 70-1 forming part of the insertion system 100-1.
The longitudinal displacement stroke of the sleeve-
shaped first housing portion 11 that is effected relative
to the stent holder 15 has the result that the positioning
hoops 154 of the stent 150 are no longer surrounded and
held by the sleeve-shaped first housing portion 11 of the
catheter tip 10-1. As a consequence of the self-expand-
ing characteristic of the positioning hoops 15 of the stent,
these are opened because of the radial forces acting on
them in a radial direction. The opened positioning hoops
154 then positioned in the pockets of the native heart
valve.

[0177] As already indicated, the catheter tip 10-1 can
turn together with the insertion system 100-1 about the
longitudinal axis L of the catheter tip 10-1, facilitating the
positioning of the unfolded positioning hoops 154 of the
stent 150 in the pockets of the native heart valve.
[0178] After positioning of the partially expanded stent
in the pockets of the native heart valve, the insertion sys-
tem 100-1 is transferred from its second functional state
in accordance with Fig. 10b into its third functional state
in accordance with Fig. 10c. The way in which the inser-
tion system 100-1 is transferred from the second func-
tional state into the third functional state has previously
been described in detail with reference to Fig. 4c. Fig.
10c shows how the (second) retaining region of the stent
150 remote from the end tip 25 of the catheter tip 10-1
in the third functional state of the insertion system 100-1
is released from the second housing portion 21 of the
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catheter tip 10-1. The retaining hoops 153 of the stent
150 and the associated first retaining region of the stent
150 released in the third functional state of the insertion
system are stressed because of the radial forces acting
on them in the radial direction and consequently a heart
valve prosthesis attached to the retaining hoops 153, for
example with the aid of a thread etc., unfolds like an um-
brella. An example of a heart valve prosthesis 160 at-
tached to the retaining hoops 153 of a stent is shown in
Fig. 21.

[0179] The function of the already unfolded heart valve
prosthesis can be checked in the state shown in Fig. 10c.
After the functioning of the heart valve prosthesis has
been demonstrated, the insertion system 100-1 can then
be transferred - by means of a further manipulation of
the first operating means 71 of the handle 70-1 - from its
third functional state (see Fig. 10c) into its fourth func-
tional state (see Fig. 10d). The way in which the insertion
system 100-1 is transferred into the fourth functional state
has been previously described with reference to Fig. 4d.
The effect of the transfer of the insertion system 100-1
into the fourth functional state is shown in Fig 10d.
[0180] By further displacement of the first housing por-
tion 11 of the catheter tip 10-1 in the proximal direction,
and thus away from the handle 70-1, the distal end region
of the sleeve-shaped first housing portion 11 of the cath-
eter tip 10-1 is moved is moved further in the proximal
direction so that this distal part of the first housing portion
11 no longer covers the retaining elements 16 (here pro-
jecting elements) of the stent holder 15. Thus the (sec-
ond) retaining region of the stent facing the end tip 25 of
the cathetertip 10-1 is released from the cathetertip 10-1,
so that the second retaining region of the stent 150 also
expands, consequently leading to a complete unfolding
of the stent 150.

[0181] Incontrast, ifitis found that the implanted heart
valve prosthesis cannot or can only inadequately fulfil its
function during the check of function of the already un-
folded heart valve prosthesis in the third functional state
of the insertion system 100-1, in accordance with Fig.
10c, or if the stent 150 is not optimally positioned or can-
not be optimally positioned in the implantation site, there
is the possibility of retracting the insertion system 100-1
back into the second and then into the first functional
state, by moving the corresponding housing portion 11,
21 of the catheter tip 10-1 in the appropriate opposite
direction (see depictions in Figures 3b to 3d for this). This
allows the already released and expanded components
of the stent 150 to be retracted back again into the re-
spective sleeve-shaped housing portion of the catheter
tip 10-1, so that the stent 150 housed in the catheter tip
10-1 can be removed from the body of the patient.
[0182] As shown in Fig. 10d, the retaining hoops 153
of the stent 150 open in their radial direction on implan-
tation of the stent 150, whereby the radial forces acting
on the retaining hoops 153 and also on the second re-
taining region of the stent 150 result in the stent being
pressed against the vessel wall, on the one hand ensur-
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ing that the stent 150 with the heart valve prosthesis at-
tached to the first retaining region is securely anchored
at the implantation site and, on the other hand, that the
heart valve prosthesis is reliably sealed in the first retain-
ing region.

[0183] Fig. 5 shows a side elevation of an embodiment
of a handle 70-1 for an insertion system 100-1 designed
for a trans-apical access. As regards function, the handle
70-1 shown in Fig. 5 is identical to the handle described
with reference to Figures 1 to 4. The handle shown in
Fig. 5 differs from the embodiment of the handle accord-
ing to Figures 1 to 4 in that it has an additional grip 88,
which projects from the body 70’ of the handle 70-1, so
with that the doctor carrying out the treatment can hold
the handle 70-1 like a pistol.

[0184] Preferably, the grip 88 can be connected at dif-
ferent positions with the body 70’ of the handle 70-1. Thus
it is possible for the grip 88 not to be joined to the under-
side of the body 70’ of the handle 70-1, as indicated in
Fig. 5, but to be fastened coming from the above onto
the body 70'.

[0185] Two injection adapters 99a, 99b are provided
for the handle 70-1 shown in Fig. 5. The first injection
adapter 99a is located on the longitudinal axis L of the
handle 70-1 and is connected to the first pusher of the
first operating means 71. The second injection adapter
99b is perpendicular to the longitudinal axis and is con-
nected to the second pusher of the second operating
means 71. Where required, a guide wire can be passed
to the first injection adapter 99a. The second injection
adapter 99b - as is described in more detail subsequently
with reference to the illustration in Fig. 6 - is connected
to the second slide 84 of the second operating means 81
and is used to supply and drain fluid which can flow via
the catheter system 30-1 to the catheter tip 10-1.
[0186] Fig. 6 shows a side sectional view of a further
embodiment of a handle 70-1 of an insertion system
100-1 which is designed for trans-apical access. The
mechanism in the handle 70-1 used in the trans-apical
insertion system 101 is described in detail in the following,
with reference to the depiction in Fig. 6. The details in
the following refer to all handles for a trans-apical inser-
tion system 100-1 described herein.

[0187] As shown in Fig. 6, the handle 70-1 has a first
and a second operating means 71, 81, which are con-
nected by means of first and second force transmission
means 31, 41 of the catheter system 30-1 with the first
and second housing portion 11, 21 of the catheter tip
10-1. The first operating means 71 has a first slide 74
guided in a first guide 72 and functionally connected to
a pusher knob 73.

[0188] In detail, the first pusher knob 73 for the em-
bodiment shown in Fig. 6 comprises a detent spring
mechanism with spring elements 90 and catches 91, 92,
93, 94 formed in the first guide 72. As can be seen, par-
ticularly in the representation in Fig. 7, which shows a
planned view on the handle 70-1 in accordance with Fig.
6, the first pusher knob 73 further comprises at least one
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engaging element 95, which is complementary to the
catches 91, 92, 93, 94 formed in the first guide 72. The
spring elements 90 of the detent spring mechanism de-
signed and co-operate with the first pusher knob 73 on
one side and with the first slide 74 on the other so that,
in a state when the first operating means 71 is not actu-
ated, the first pusher knob 73 is spaced from the first
slide 74 under spring action and engages at least engag-
ing element 95 in one of the catches 91, 92, 93, 94.
[0189] In a state when the first operating means 71 is
actuated, the first pusher knob 73 is pressed against the
spring force of the spring element 90 in the direction of
the first slide 74 so that the engagement between the
engaging elements 95 and the catches 92, 93, 94 formed
complementary to it is released. In this state, the block
on longitudinal displacement of the first slide 74 is re-
moved, so that this can be displaced in the direction of
the longitudinal axis L of the handle, so that the first of
housing portion 11 of the catheter tip 10-1 can be ma-
nipulated.

[0190] As can be seen in particular in the illustration in
Fig. 7, the detent spring mechanism used with the handle
70-1 has first catches 91 and second catches 92, which
are each formed complementary to the engaging ele-
ments 95 formed on the first slide 74 and arranged at
positions spaced from each other in the longitudinal di-
rection of the first guide 72. In this embodiment, in a func-
tional respect the second catches 92 form the first stop
75 used, for example, with the embodiment in accord-
ance with Fig. 1. The first catches 91 formed in the first
guide 72 correspond in a functional respect to the third
stop 77 in the embodiment of the handle 70-1 shown, for
example, in Fig. 1. Thus the distance between the first
catches 91 and the second catches 92 defines the lon-
gitudinal displacement stroke of the first housing portion
11 of the catheter tip 10-1 that can be affected on actu-
ation of the first operating means 71.

[0191] Itis particularly preferred that the first and sec-
ond catches are provided in a first guide surface 72 of
the first guide 72, while the detent spring mechanism
further has third and fourth catches 93, 94, which are
respectively formed complementary to the engaging el-
ement 95 formed on the first slide 74. As shown in Fig.
7, the third and fourth catches 93, 94 are formed in a
second guide surface 72b, which is opposite to the first
guide surface 72a. As with the first and second catches
91, 92, the third and fourth catches 93, 94 are arranged
at positions spaced from one another in the longitudinal
direction L of the first guide 72. In particular, it is provided
that the distance between the third and fourth catches
93, 94 is chosento be different from the distance between
the first and second catches 91, 92. In this way, it is pos-
sible to realise different longitudinal displacement
strokes of the first housing portion 11 of the catheter tip
10-1 with one and the same first operating means 71.
For this, it is only necessary to use the first slide 74 when
turned through 180° in the first guide 72. The provision
of different longitudinal displacement strokes that can be
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realised with the first operating means 71 has the advan-
tage that cardiac valve stents of different length can be
implanted with the insertion system 100-1.

[0192] The second operating means 81 of the handle
70-1 shown, for example, in Fig. 6 has a second pusher
knob 83, which can also be provided with a detent spring
mechanism. The second pusher knob 83 is guided in a
second guide 82 and is functionally connected to a sec-
ond slide 84. The second slide 84 is connected by means
of the second force transmission means 41 to the second
housing portion 21 of the catheter tip 10-1 so that, on
actuation of the second operating means 81, force can
be transmitted from the second slide 84 to the housing
portion 21 of the catheter tip 10-1.

[0193] As also previously explained with the handle
described, for example, with reference to Figures 1 to 4,
the second slide 84 of the second operating means 81
can be moved between a first stop 85 and a second stop
86. When - as with the first operating means 71 - a detent
spring mechanism is also used with the second operating
means 81, itis possible to do without the stops 85 and 86.
[0194] A grip 88 is further connected to the body 70’
of the handle 70-1 with the handle 70-1 described in Fig.
6. This grip 88 is releasably fastened to the body 70’ and
in particular can also be connected to the body 70’ from
the upper side of the handle 70-1. Corresponding brack-
ets 88’ are provided for the purpose in the body 70’ (see
also the illustration in Fig. 7).

[0195] An embodiment of a catheter system is 30-1
used in an insertion system 100-1 designed for trans-
apical access is described in more detail in the following,
with reference to the illustrations in Figures 6, 8 and 9.
[0196] As canbe seen in particular in the Fig. 9, which
shows the catheter system 30-1 of the insertion system
100-1 designed for trans-apical access in a cross-sec-
tional view, the catheter system 30-1 comprises a first
force transmission means 31, which can be connected
at its distal end region to the first operating means 71 of
the handle 70-1 and that its proximal end region with the
firsthousing portion of the catheter tip 10-1. The first force
transmission means 31 is designed to transfer a tensile
or shear force to the first housing portion 11 of the cath-
eter tip 10 on actuation of the first operating means 71.
[0197] In detail, with the catheter system 30-1 of the
insertion system 100-1 designed for a trans-apical ac-
cess, itis provided that the first force transmission means
31 is formed by a capillary extending from the proximal
end region to the distal end region of the catheter system
30-1, through which a guide wire can be passed.
[0198] As can be seen in particular in the depiction in
Fig. 6, the first force transmission means 31 is in the form
of an inner catheter, which is permanently attached to
the first slide 74 of the first operating means 71. The first
force transmission means 31 merges into the first injec-
tion adapter 99a in the distal direction from the first slide
74. This first injection adapter 99a is also permanently
connected to the first slide 74 of the first operating means
71 and can be displaced in the longitudinal direction L of
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the handle 70-1 relative to the body 70’ of the handle
70-1 on actuation of the first operating means 71.
[0199] The catheter system 30-1 used with the inser-
tion system 100-1 designed for trans-apical access fur-
ther exhibits the second force transmission means 41
already mentioned, which is connected on one side to
the second slide 84 of the second operating means 81
and on the other side to the second housing portion 21
of the catheter tip 10-1 and is used for transmission of
tensile and compressive forces. It can be seen in partic-
ular in the illustration in Fig. 6 that, with the catheter sys-
tem 30-1 for the trans-apical insertion system 100-1, the
second force transmission is 41 is implemented as an
outer catheter, within which the first transmission means
31, which has already been mentioned, runs in the form
of the inner catheter. In detail, the distal end region of
the second operating means 41 in the form of the outer
catheter is mounted in a positive and force-locking con-
nection between a screw cap 84’ screwed on the second
slide 84, ensuring a secure fixing of the distal end region
ofthe second force transmission means 41 on the second
slide 84.

[0200] It can be seen, particularly in the illustration in
Fig. 9, that the space between the second force trans-
mission means 41 in the form of the outer catheter and
the first force transmission means 31 in the form of the
inner catheter is occupied by a filler material, in order to
form afiller body. The first transmission means 31 in the
form of the inner catheter is passed through this filler
body so that, on actuation of the first operating means
71, the first force transmission means 31 in the form of
the inner catheter is displaced relative to the filler body
40 in the longitudinal direction L of the catheter system
30-1.

[0201] The filler body is preferably made of a plastic
filler material that ensures that the of the catheter system
30-1 has the rigidity that is necessary for the trans-apical
insertion system 100-1.

[0202] Furthermore, itcan be seen from the illustration
in Fig. 9 that several fluid channels 43 can be formed in
the filler body 40. These fluid channels are connected on
one side to the second injection adapter 99b (see Fig. 6)
and on the other side to the catheter tip 10-1 (see Fig.
8), to ensure that the catheter system 30-1 and catheter
tip 10-1 can be flushed through and that fluid can be
supplied and drained.

[0203] Fig. 6 shows that the filler body 40 is perma-
nently connected to the body 70’ of the handle 70-1. The
opposing proximal-side end of the filler body 40 is con-
nected permanently to the distal end of the catheter tip
10-1 (see Fig 8).

[0204] The catheter system 30-1 of the trans-apical in-
sertion system 100-1 further comprises a cannula capil-
lary 45, the distal-side end region of which is connected
by means of a fixing 87 to the body 70’ of the handle 70-1
and the proximal-side end region of which is connected
to the stent holder 15, and consequently the stent holder
15 is basically held at a non-variable distance relative to
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the body 70’ of the handle 70-1. The first force transmis-
sion means in the form of the inner catheter runs through
the inside of this cannula capillary 45.

[0205] As the illustration in Fig. 8 shows, the first force
transmission means 31 in the form of the inner catheter
has a spiral-shaped notch at its proximal side end region,
with which only the catheter tip 10-1 has a certain degree
of flexibility. The proximal-side end region of the first force
transmission means 31 in the form of the inner catheter
is permanently connected to the proximal-side end tip 25
of the catheter tip 10-1. As already described previously,
the proximal-side end tip 25 is connected at its distal end
to the housing portion 11 of the catheter tip 10-1 in the
form of the stent sheath. When the first operating means
71 is actuated, the first force transmission means is con-
sequently moved relative to the cannula capillary 45 and
the filler body 40 as well as relative to the stent holder
15, through which the first housing portion 11 (stent
sheath) can be moved in the longitudinal direction L of
the catheter tip 10-1.

[0206] Thesecondforcetransmission means41 isper-
manently connected to the second housing portion 21 of
the catheter tip in the form of the stent funnel at the tran-
sition between the catheter tip 10-1 and the second force
transmission means 41 in the form of the outer catheter.
The second housing portion 21 (stent funnel) and the
filler body 40 are also joined together. Through holes are
provided at the connection between the stentfunnel (sec-
ond housing portion 21) and the filler body 40, through
which fluid inserted into the fluid channels 43 formed in
the filler body 40 using the second injection adapter 99b
can be passed into the catheter tip 10-1. A corresponding
seal 44 is provided for the fluid channels 43 at the prox-
imal-side end of the filler body 40.

[0207] It can be further seen from the illustration in Fig.
8 that the stent holder 15 has a proximal configuration in
atraumatic form, which reduces the risk of an injury when
the catheter tip 10-1 is removed after release of the stent
housed in the catheter tip 10-1.

[0208] All previously described components can be
used with each embodiment of a trans-apical insertion
system 100-1.

[0209] A description is given in the following, with ref-
erence to Figures 11 to 21, of the components of an in-
sertion system 100-2, which is suitable for a trans-arterial
or trans-femoral access to the implantation location. Dur-
ing a trans-arterial or trans-femoral access, the catheter
tip 10-2 of the insertion system 100-2 is advanced, for
example, via the aorta to the implantation site.

[0210] Fig. 20 shows schematically an example of how
a trans-arterial or trans-femoral access can be gained to
the heart of a patient. In the illustration in accordance
with Fig. 20, a heart valve stent is advanced with the aid
of a special insertion system via the femoral artery to the
aortic valve. Embodiments of the special insertion sys-
tem, which is suitable for trans-arterial or trans-femoral
access are described in the following.

[0211] The four different functional states of a trans-
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femoral insertion system 100-2 are shown in detail in
Figures 14ato 14d, to illustrate the procedure for loading
a stent into the catheter tip 10-2 of the insertion system
100-2. The respective functional states of the trans-fem-
oral insertion system 100-2 are shown in Figures 15a to
15d to illustrate the release of a stent mounted in the
catheter tip 10-2 of the insertion system 100-2.

[0212] The embodiment of the insertion system 100-2
suitable for trans-arterial or trans-femoral access differs
from the trans-apical insertion system 100-1 previously
described with reference to the depictions in Figures 1
to 4 through a modified construction of the catheter tip
10-2 to enable trans-arterial access to the implantation
site. Further, in comparison with the trans-apical insertion
system 100-1, the insertion system 100-2 designed for
trans-arterial or trans-femoral access has both a different
handle 70-2 and a different catheter system 30-2.
[0213] The handle 30-2 used for the insertion system
100-2 designed for trans-arterial or trans-femoral access
essentially differs from the handle 30-1 used for the trans-
apical insertion system 100-1 only in its structural layout.
[0214] In distinction to the handle 70-1 for the trans-
apical insertion system 100-1, the handle 70-2 for the
trans-arterial/trans-femoral insertion system 100-2 ac-
cordingto theillustration in Figures 14 and 15 has awheel
rotatably mounted in the handle 70-2 which is functionally
connected to the first housing portion 13 (stent sheath)
of the catheter tip 10-2 associated with the first operating
means 71 via a corresponding first force transmission
means 31, so that force can be directly transmitted from
the first operating means 71 in the form of the wheel to
the first housing portion 11 of the catheter tip 10-2.
[0215] In detail, it is provided that, with the first oper-
ating means 71 of the handle 70-2 in accordance with
Fig. 14 and Fig. 15, the first operating means 71 in the
form of the wheel can turn between a first stop and a
second stop, in order to execute a definable longitudinal
displacement stroke on the first housing portion 11 of the
catheter tip 10-2. As with the first operating means of the
handle 70-1 used with the trans-apical insertion system
100-1, the first operating means 71 of the handle 70-2
used with the insertion system 100-2 designed for trans-
arterial/trans-femoral access is provided with a third stop
between the first and second stop which cooperates, on
one side with the first stop and on the other up with the
second stop so that, on actuation of the first operating
means 71, alongitudinal displacement of the first housing
portion 11 of the catheter tip 10-2 can be effected relative
to the stent holder 15 of the catheter tip 10-2, consisting
of two defined separate steps.

[0216] With the first operating means 71 used in the
form of a wheel, the third stop associated with the first
operating means 71 is in the form of a locking element
77 positioned removably in the flow of force between the
wheel and the first housing portion 11 of the catheter tip
10-2, interrupting direct force transmission from the
wheel to the first housing portion 11 of the catheter tip
10-2. Alternatively, however, it is possible for the third
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stop associated with the first operating means 71 to be
in the form of alocking elementrestricting the free rotation
of the wheel between the first and the fourth stop.
[0217] However,itis of course also possiblein principle
for the first operating means 71 of the handle 70-2 used
with the insertion system 100-2 designed for trans-arte-
rial/trans- femoral access not to be a wheel, but - as with
the handle 70-1 of the trans-apical insertion system 100-1
- to be implemented as a pusher mechanism.

[0218] In relation to the handle 30-2 that is used with
the embodiment of the insertion system 100-2, for exam-
ple in accordance with the illustrations in Figures 14 and
15, it is provided that - as also with the trans-apical em-
bodiment of the insertion system 100-1 - the second op-
erating means 81 has a second slide 84 guided in a sec-
ond guide 82 and functionally connected to a second
pusher 83. This second slide 84, which is guided in the
interior of the handle 70-2 and therefore cannot be seen
in the view of Figures 14 and 15, is functionally connected
to the second housing portion 21 (stent funnel) of the
catheter tip 10-2 associated with the second operating
means 81 by means of a second force transmission
means 41 so that, on actuation of the second operating
means 81, force is directly transmitted from the second
slide 84 to the second housing portion 21 (stent funnel)
of the catheter tip 10-2.

[0219] The second operating means 81 can be dis-
placed between a first position (Pos. 1) and a second
position (Pos. 2) in the longitudinal direction of the handle
70-2, whereby the longitudinal displacement stroke that
can be thus effected via the second force transmission
means 41 is transferred directly to the second housing
portion 21 of the catheter tip 10-2. The first and second
positions are each defined with the aid of a first and a
second stop 85, 86.

[0220] A securing element 89 is provided, associated
with the second operating means 81, which is removably
located on the second guide 82 and which blocks longi-
tudinal displacement of the (second) slide 84 associated
with the second operating means 82 when used.
[0221] The handle 70-2 which is used with the trans-
arterial/trans-femoral insertion system 100-2 of the em-
bodiment shown in Figures 14 and 15 further exhibits a
grip 88, which facilitates the operability of the handle 70-2
and in particular the operating conformity of the handle
70-2. A grip 88 of this type can of course also be used
with the handle 70-1 which is used with the trans-apical
insertion system shown in Figures 1 to 4. The handle 88
is preferably releasably connected to the body 70’ of the
handle 70-2 and can optionally be fixed at different po-
sitions on the body 70’ of the handle 70-2.

[0222] In relation to the construction of the catheter tip
10-2 whichis used, for example, with the insertion system
100-2 shownin Figures 14 and 15 and which allows trans-
arterial/trans-femoral access of a stent housed in the
catheter tip 10-2 to the implantation location, it can be
seen from Figures 14 and 15 that the catheter tip 10-2 -
as also the catheter tip 10-1 for the trans-apical insertion
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system 100-1 - has a stent holder 15 for releasably fixing
of, for example, the second retaining region of a stent
thatcan be housed in the catheter tip 10-2. In comparison
with the catheter tip 10-1 of the insertion system 100-1
designed for trans-apical access, the retaining elements
16 of the stent holder in the form of a crown are now
provided at the distal end of the stent holder 15.

[0223] Further, the catheter tip 10-2 of the insertion
system 100-2 designed for trans-arterial/trans-femoral
access comprises a mounting device for mounting a
heart valve stent, where required, with a heart valve pros-
thesis fastened to it. In detail, the mounting device of the
catheter tip 10-2 consists of a first housing portion 11,
particularly for accommodating the positioning hoops of
a stent, and a second housing portion 21, in particular
for accommodating the heart valve prosthesis fastened
to it, when required.

[0224] As also with the previously described embodi-
ment of the trans-apical insertion system 100-1, for ex-
ample, with reference to Figures 1 to 4, the first operating
means 71 of the handle 70-2 co-operates in the embod-
iment according to Figures 14 and 15 with the first hous-
ing portion 11 of the catheter tip 10-2 so that, on actuation
of the first operating means 11, by transfer of a defined
longitudinal displacement stroke, a previously definable
longitudinal displacement of the first housing portion 11
can be effected relative to the stent holder 15. On the
other hand, with the insertion system according to Fig-
ures 14 and 15, the second operating means 81 of the
handle 70-2 co-operates with the second housing portion
21 of the catheter tip 10-2 so that, on actuation of the
second operating means 81, by transfer of a defined lon-
gitudinal displacement stroke, a previously definable lon-
gitudinal displacement of the second housing portion 21
of the catheter tip 10-2 relative to the stent holder 15 can
be effected.

[0225] In distinction to the trans-apical insertion sys-
tem 100-1 described with reference to Figures 1 to 4, the
second housing portion 21 (stent funnel), which is used
to house the retaining hoops of the stent with, where re-
quired, the heart valve prosthesis fastened to them, is
located at the proximal end region of the catheter tip 10
to in the trans-arterial/trans-femoral insertion system
100-2, for example in accordance with Figures 14 and
15, while the first housing portion 11 (stent sheath) is
located between the second housing portion 21 and the
handle 70-2.

[0226] In the insertion system 100-2 shown in Figures
14 and 15, which is designed for trans-arterial access to
the insufficient or stenosed native heart valve, the second
force transmission means 41, which connects the second
operating means 81 of the handle 70-2 to the second
housing portion 21 (stent funnel) of the catheter tip 10-2,
is preferably in the form of an inner catheter running in-
side the interior of the catheter or tube system. The first
force transmission means 31, which connects the first
operating means 71 of the handle 70-2 to the first housing
portion 11 (stent sheath) of the catheter tip 10-2, is in the
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form of an outer catheter, in the interior of which the first
force transmission means 31 runs in the form of the inner
catheter.

[0227] On actuation on the second operating means
81, the second housing portion 21 (stent funnel) can be
moved relative to the stent holder 15 in the longitudinal
direction L of the catheter tip 10-2 in a proximal direction,
thus away from the handle 70-2, while, on actuation of
the first operating means 71 of the handle 70-2, the first
housing portion 11 of the catheter tip 10-2 can be moved
relative to the stent holder 15 in the longitudinal direction
L of the catheter tip 10-2 in a distal direction, and thus
towards the handle 70-2.

[0228] The manipulations of the respective housing
portions 11, 21 of the cathetertip 10-2 that can be effected
on actuation of the respective operating means 71, 81
with the insertion system of 100-2 designed for trans-
arterial/trans-femoral access in accordance with Figures
14 and 15 are described in detail in the following, with
reference in particular to Figures 15a to 15d.

[0229] An embodiment of a trans-arterial/trans-femo-
ral insertion system 100-2 is shown in its four different
functional states in Figures 15a to 15d. In detail, the in-
sertion system 100-2 is shown in its first functional state
in Fig. 15a, in which the catheter system 30-2 with the
catheter tip 10-2 and, where required, with the stent ac-
commodated in it can be inserted into the patient trans-
arterially or trans-femorally and advanced via the aorta
to the implantation site.

[0230] In the first functional state of the insertion sys-
tem 100-2 in accordance with Fig. 15a, the catheter tip
10-2 is completely closed, whereby the two sleeve-like
housing portions 11, 21 of the catheter tip 10-2 overlap
telescopically. The respective diameters of the sleeve-
like housing portions 11, 21 are chosen so that the folded-
up retaining hoops of a stent, with the heart valve pros-
thesis fastened to them where required, can be housed
in the second housing portion 21. The folded-up position-
ing hoops of the stent housed between the sleeve-
shaped element of the second housing portion 21 and
the sleeve-shaped element of the first housing portion
11 and are held together in their folded form.

[0231] The second retaining region of the stent is
shown in the first functional state of the insertion system
100-2, as shown in Fig. 15a, with the stent holder 15 fixed
atthe distal end of the catheter tip 10-2. For this purpose,
the retaining elements (retaining rings etc.) provided at
the second retaining region of the stent are engaged with
retaining elements 16 of the stent holder 15.

[0232] The retaining elements 16 of the stent holder
15 are covered by the sleeve-shaped element of the first
housing portion 11 of the catheter tip 10-2 in the first
functional state shownin Fig. 15a, sothatan engagement
between retaining elements provided on the second re-
taining region of a stent and retaining elements 16 of the
stent holder 15 would be possible.

[0233] The first functional state of the insertion system
100-2 shown in Fig. 15a is maintained during the trans-
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arterialinsertion procedure. Onreaching the implantation
location, the insertion system 100-2 is transferred from
the first functional state shown in Fig. 15a to the second
functional state shown in Fig. 15b, by transferring the first
operating means (shown in the embodiment of the wheel
in Fig. 15) from the first position into the second position.
The longitudinal displacement stroke transferred by ac-
tuation of the first operating means 71 to the first housing
portion 11 of the catheter tip 10-2 effects a displacement
of the sleeve-like first housing portion 11 relative to the
stent holder 15 in the distal direction, thus towards the
handle 70-2.

[0234] The longitudinal displacement stroke executed
on the first housing portion 11 of the catheter tip 10-2
during the transition from the first functional state (see
Fig. 15a) to the second functional state (see Fig. 15b) by
the first operating means 71 of the handle 70-2 via a
corresponding first force transmission means 31 is pre-
viously defined so that the sleeve-shaped first housing
portion 11 is displaced relative to the stent holder 15 in
the distal direction just so far that the positioning hoops
of a stent housed in the catheter tip 10-2 would be re-
leased, though the proximal end of the first housing por-
tion 11 of the catheter tip 10-2 would still cover the re-
taining elements 16 of the stent holder 15, so that the
engagement between the retaining elements provided at
the second retaining region of the stent and the retaining
elements 16 of the stent holder 15 would be secure.
[0235] Since the second housing portion 21 is not ma-
nipulated during the transition from the first functional
state into the second functional state, the first retaining
region of a stent housed in the catheter tip 10-2 with the
heart valve prosthesis fastened to it would continue to
be housed in its folded together state in the sleeve-
shaped element of the second housing portion 21.
[0236] The positioning hoops of a stent housed in the
catheter tip 10-2 released in the second functional state
of the insertion system 100-2 are opened as a result of
the radial forces acting on them and can thus be posi-
tioned in the pockets of the insufficient native heart valve.
Following appropriate positioning of the positioning
hoops of the stentin the pockets of the native heart valve,
the insertion system 100-2 is transferred from the second
functional state shown in Fig. 15b into the third functional
state shown in Fig. 15¢. This is done my manipulation of
the second operating means 81, after the securing ele-
ment 89 associated with the second operating means 81
has been removed.

[0237] On actuation of the second operating means
81, the second housing portion 21 of the catheter tip 10-2
associated with the second operating means 81 is moved
relative to the stent holder by a previously established
longitudinal displacement stroke defined with the second
operating means 81 in a proximal direction, thus away
from the handle 70-2. The longitudinal displacement
stroke acting on the second housing portion 21 is chosen
so that the sleeve-like second housing portion 21 no long-
er covers the first retaining region of a stent housed in
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the catheter tip 10-2 with the heart valve prosthesis fas-
tened to it, where required, and thus releases the first
retaining region of the stent. Due to the action of the radial
forces, the proximal retaining region of the stent with the
heart valve prosthesis attached to it, where required, un-
folds completely.

[0238] Since thefirstoperating means 71 of the handle
70-2 and the associated first housing portion 11 of the
cathetertip 10-2 are not manipulated during the transition
from the second functional state in accordance with Fig.
15b into the third functional state in accordance with Fig.
15¢, the proximal end region of the sleeve-shaped first
housing portion 11 continues to cover the retaining ele-
ments 16 of the stent holder 15, so that the engagement
between the retaining elements of a stent housed in the
catheter tip 10-2 and the retaining elements 16 of the
stent holder is secure and the distal retaining region of
the stent is in its folded-up state. This anchorage of the
stentto the cathetertip 10-2 of the insertion system allows
an explantation of a stent that is already partially unfolded
by returning the insertion system 100-2 from the third
functional state, by appropriate manipulation of the sec-
ond operating means 81 of the handle 70-2, to the second
functional state and then by suitable actuation of the first
operating means 71 transfer to the first functional state.
[0239] If an explantation of the stent with the heart
valve prosthesis attached to it, where required, it is un-
necessary, the insertion system 100-2 is transferred from
the third functional state shown in Fig. 15c into the fourth
functional state shown in Fig. 15d, by turning the first
operating means 71 of the handle 70-2 further from the
second position to the third position after removal of the
securing element 79 (locking element). This manipula-
tion of the first operating means 71 that can be effected
after removal of the securing element 79 results in a fur-
ther defined movement of the first housing portion 11
relative to the stent holder 15 of the catheter tip 10-2 in
a distal direction, thus towards the handle 70-2. The lon-
gitudinal displacement stroke executed on the first hous-
ing portion 11 is chosen so that the proximal end of the
sleeve-shaped first housing portion 11 no longer covers
the retaining elements 16 of the stent holder 15, as a
result of which an engagement between the retaining el-
ements of a stent housed in the catheter tip 10-2 and the
retaining elements 16 of the stent holder 15 can be re-
leased, which would also lead to a complete release of
the second retaining region of the stent and correspond-
ingly to a complete unfolding of the stent.

[0240] The four functional states of the insertion sys-
tem 100-2 designed for trans-arterial/trans-femoral ac-
cess, previously described with reference to Figures 15a
to 15d, are shown in reverse order in Figures 14a to 14d
to clarify the procedure for loading a stent into the cath-
eter tip 10-2 of the insertion system 100-2. Comparison
between Figures 14ato 14d and Figures 15ato 15d show
thattheinsertion system 100-2 can be loaded with a heart
valve stent by transferring the insertion system 100-2,
starting from its fourth functional state in accordance with
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Fig. 14a (see Fig. 15d), into its third functional state in
accordance with Fig. 14b (see Fig. 15¢) after a stent has
been positioned between the stent holder 15 on the sec-
ond housing portion 21 with its first retaining region in
the direction of the second housing portion 21. Then the
remaining functional states of the insertion system 100-2
are taken up in steps until the insertion system 100-2
shown in Fig. 14d is finally in its first functional state with
the closed catheter tip 10-2.

[0241] A further embodiment of an insertion system
100-2 designed for trans-arterial/trans-femoral access is
shown in its first functional state in Fig. 11a. In principle,
this embodiment is identical in structural and functional
respects to the embodiment shown in Figures 14 and 15.
In relation to the handle 70-2 of the insertion system
100-2 shown in Fig. 11a, it can be seen that the end
region of the handle 70-2 is in the form of a turning mech-
anism 98 (rotatable means), with which the second force
transmission means 41 of the catheter system 30-2 can
be twisted with the proximal-side end tip 25 and the sec-
ond housing portion 21 (stent funnel) of the catheter tip
10-2 fastened to it about the longitudinal axis L of the
catheter tip 10-2. The second housing portion 21 (stent
funnel) of the catheter tip 10-2 is connected by means of
aloose bearing to the stent holder 15, allowing transmis-
sion of a turning moment between the second housing
portion 21 and the stentholder 15, without allowing trans-
mission of any tensile or compression forces acting in
the direction of the longitudinal axis L of the catheter tip
10-2. Thus, when a turning movement of the second
housing portion 21 is induced with the turning mechanism
98, the stent holder 15 also turns correspondingly about
the longitudinal axis L.

[0242] The turning mechanism 98 preferably allows
the stent holder 15 to twist through approx. 120°. Thus
the rotation of a stent housed in the catheter tip 10-2, and
particularly the positioning hoops already released in the
second functional state of the insertion system 100-2,
can be controlled, facilitating precise positioning of the
already expanded positioning hoops of the stent in the
pockets of the insufficient, native heart valve.

[0243] Preferably, the rotation movement of the stent
holder 15 about the longitudinal access L of the catheter
tip 10-2 that can be effected with the turning mechanism
98 exhibits a previously definable, preferably small delay
in reaction to a turning moment initiated by means of the
turning mechanism 98.

[0244] Further, the embodiment of the handle 70-2
shown in Fig. 11a is equipped with a third operating
means 96 in the form of a wheel, with which a flexural
link 34, preferably provided at the proximal end region of
the catheter system 30-2, can be deflected.

[0245] The deflection of the proximal end region of the
catheter system 30-2 that can be effected with this flex-
ural link region 34 is shown schematically in Fig. 11b. In
detail, a device is provided for force transmission (control
wire 35 - see Fig. 19) which is connected on one side to
the flexural link regions 34 preferably provided at the
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proximal end region of the catheter system 30-2 and, on
the other side, to the third operating means 96 of the
handle 70-2 implemented in the embodiment shown in
Fig. 11 as a hand wheel.

[0246] As can be seen in the illustration in Fig. 19, itis
possible to implement the device for force transmission
as a control wire 35, which is passed through the inside
of the first transmission means 31 in the form of the outer
catheter and preferably at the proximal end of the flexural
link region 34 or at the distal end of the catheter tip 10-2
(see Fig. 18) to have a directed effect on the curvature
of the flexural link region 34. With the tensile forces that
can be exerted on the flexural link region 34 with the aid
of the control wire 35, it is possible to obtain a defined
curvature of the proximal end region of the catheter sys-
tem 30-2. This is a particular advantage during trans-
arterial/trans-femoral access when navigating the aortic
arch.

[0247] All embodiments of the insertion system 100-2
designed for trans-arterial/trans-femoral access have a
first injection adapter 99a at the distal end of the handle
70-2. As also in the insertion system 100-1 designed for
trans-apical access, this first injection adapter 99a is
used for flushing the insertion system and as outlet of a
guide wire, with the aid of which the actual introduction
of the catheter system 30-2 with the catheter tip 10-2
provided at the proximal end of the catheter system 30-2
into the body of the patient is simplified. The catheter
system 30-2, the catheter tip 10-2 and the handle 70-2
are thereby threaded into the guide wire and pushed
along it, for example into the aorta and to the heart of the
patient.

[0248] In the embodiments of the insertion system
100-2 designed for trans-arterial/trans-femoral access,
a second injection adapter 99b is further provided, by
means of which a liquid coolant etc. can be passed via
the fluid channels 43 (see Fig. 19) formed in the interior
of the catheter system 30-2 to the catheter tip 10-2. With
the aid of such a liquid coolant, a stent accommodated
in the catheter tip 10-2 can be appropriately cooled while
the cathetertip 10-2is being advanced to the implantation
location, as long as the insertion system 100-2 is in its
first functional state, in which the catheter tip 10-2 is com-
pletely enclosed by the telescopically arranged sleeve-
shaped housing portion 11 and 21.

[0249] The provision of cooling that can be produced
with the second injection adapter 99b for the stent ac-
commodated in the catheter tip 10-2 is a particular ad-
vantage when a shape memory material is used as stent
material and when the stent can deform under the effect
of an external stimulus from a temporary form to a per-
manent form, whereby the temporary form exists in the
first configuration of the stent (in the folded-up state,
when the stent is accommodated in the catheter tip 10-2)
and the permanent form exists in the second configura-
tion of the stent (in the expanded state of the stent after
release of the stent from the catheter tip 10-2).

[0250] Further embodiments of an insertion system
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100-2 which are suitable for trans-arterial/trans-femoral
access to the implantation location are shown in Figures
12 and 13. The respective catheter system is 30-2 and
catheter tips 10-2 of the insertion systems 100-2 shown
in Figures 12 and 13 are identical in functional and struc-
tural respects to systems which have been described pre-
viously with reference to Figures 11, 14 and 15.

[0251] The embodiment shown in Figures 12 and 13
differs first and foremost in relation to the implementation
ofthe corresponding operating means 71, 81. The handle
70-2, which is used in the insertion system 100-2 shown
in Fig. 11, has been described in detail previously with
reference to Figures 14 and 15, so that it will not be ex-
plained again, to avoid repetition.

[0252] The insertion system 100-2 in accordance with
Fig. 12 has a handle 70-2 with which the first operating
means 71, whichis used for manipulation of the first hous-
ing portion 11 of the cathetertip 10-2, is similar to a trigger
of arevolver. The doctor carrying out the treatment holds
the handle at the grip 88, while the first operating means
71 in the form of a trigger of a revolver is operated with
the index finger of the hand holding it.

[0253] In the insertion system 100-2 shown in Fig. 13,
a handle 70-2 is used which corresponds in structural
and functional respects to the handle 70-2 used with the
insertion system in Fig. 11 with the exception of the grip
88 provided in the embodiment in accordance with Fig.
11.

[0254] Fig. 16 shows a part-sectioned representation
of a further embodiment of an insertion system 100-2
designed for trans-femoral or trans-arterial access. In
particular, the mechanism used in the handle 70-2 of the
insertion system 100-2 can be seen with the aid of this
illustration. In detail, the handle 70-2 in accordance with
the representation in Fig. 16 comprises first and a second
operating means 71, 82, which are connected by means
of corresponding first and second force transmission
means 31, 41 of the catheter system 30-2 yet to be de-
scribed in detail to the first and second housing portion
11, 21 of the catheter tip 10-2. The first operating means
71 has a first pusher 73 which is functionally connected
to the first slide 74. The first slide 74 is guided in a first
guide 72 in the longitudinal direction L of the handle 70-2.
The proximal-side end of the first guide 72 defines the
first stop 75 and the distal-side end of the first guide 72
the second stop 76, which define the overall longitudinal
displacement that can be effected with the first operating
means 71. A stop element 77’ can be positioned between
the proximal-side and the distal-side end of the first guide
72, which defines the third stop 77. In principle it is also
possible, though, to provide the first operating means 71
with a detent spring mechanism, as has been described
previously with reference to Figures 6 and 7.

[0255] The second operating means 81 of the handle
70-2 shown in Fig. 16 has a second pusher 83, which is
functionally connected to a second slide 84. The second
slide 84 is guided in a longitudinal guide (second guide
82) between a first stop 85 and a second stop 86. The
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second slide 84 is connected by means of a second force
transmission means 41 with the second housing portion
21 of the catheter tip 10-2. On actuation of the second
operating means 81, the second slide 84 is moved in the
longitudinal direction L of the handle 70-2 from the first
stop 85 to the second stop 86. This movement effects a
longitudinal displacement of the second housing portion
21 of the catheter tip 10-2 connected via the second force
transmission means 41 with the second operating means
81.

[0256] To prevent an unintended displacement of the
second slide 84, the second operating means is equipped
with a removable securing element 89, which connects
the second slide 84 with the body is 70’ of the handle
70-2 whenin use. A longitudinal displacement of the sec-
ond slide 84 to the second stop 86 is only possible fol-
lowing removal of the securing element 89. In principle,
it is also possible to equip the second operating means
81 with a detent spring mechanism instead of the secur-
ing element 89, as has been previously described with
reference to Figures 6 and 7.

[0257] Fig. 17 shows a further embodiment of a handle
70-2 of an insertion system 100-2 designed for trans-
femoral or trans-arterial access in a part-sectioned side
view. The construction and mode of operation of the first
and second operating means 71, 81 of the embodiment
of the handle 70-2 shown in Fig. 17 is comparable in
structural and functional respects to the handle is previ-
ously described for the trans-arterial or trans-femoral in-
sertion system 100-2. In distinction to the handle de-
scribed with reference to Fig. 16, however, the handle in
accordance with Fig. 17 is provided with a third operating
means 96 in the form of a wheel, by means of which a
flexural link region 34 of the catheter system 30-2 can be
controlled.

[0258] The third operating element 96 preferably has
adetentdevice 100, to allow a set deflection of the flexural
link region 34 of the catheter system 30-2 to be fixed. For
example, inrelation to the detentdevice 100, itis possible
to provide a suitable catch mechanism on the hand wheel
of the third operating means 96, which cooperates with
the body 70’ of the handle 70-2. In particular, itis possible
for the flexural link region 34 of the catheter tip 30-2 to
be connected to the third operating means 96 by way of
a control wire 35 whereby, on an actuation of the third
operating means 96 via the control wire 35 a tensile forc-
es is exerted on the flexural link region 34, which produc-
es the deflection of the flexural link region 34 (see Fig.
11b).

[0259] Howeveritisalso possible, of course, to choose
another embodiment as the third operating means 96 for
deflecting the flexural link region.

[0260] It is particularly preferred that the handle 70-2
of the insertion system 100-2 designed for trans-arterial
or trans-femoral access is provided with a pretensioning
device, shownin Figure. 17, with which a constant tensile
force is exerted via the second operating means 81 on
the second housing portion 21 of the catheter tip 10-2.
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In detail, the pretensioning device shown in Fig. 17 has
a compression spring 97, permanently stressed along its
spring axis, which is prestressed between a first stop 97a
connected to the body 70’ of the handle 70-2 and a sec-
ond stop 97b connected to the distal end region of the
second operating means 81, so that a permanent, pre-
viously defined or definable tensile force is exerted on
the second housing portion 21 of the catheter tip 10.
[0261] The pretensioning device implemented with the
spring 97 in the embodiment in accordance with Fig. 17
is especially advantageous when the catheter system
30-2 is provided with a flexural link region 34 (see Fig.
11). When the flexural link region 34 is bent, the outer
fibres of the catheter system 30-2 are shortened and this
can be compensated for appropriately with the aid of the
pretensioning device. In detail, on bending of the flexural
link region 34 relative to the neutral fibres of the catheter
system 30-2 running along the longitudinal axis L, the
outer fibres of the catheter system 30-2 radially spaced
from the neutral fibres are shortened. Since the second
force transmission means 41, which connects the second
operating means 81 with the second housing portion 21
in the insertion system 100-2 designed for trans-arterial
or trans-femoral access, normally runs along the neutral
fibre of the catheter system 30-2, a bending contraction
inevitably occurs when the catheter system 30-2 is bent,
having the result that, despite fixing of the first operating
means 71, the first housing portion 11 of the catheter tip
10-2 is displaced relative to the stent holder 15 in a distal
direction.

[0262] This longitudinal displacement of the first hous-
ing portion 11 of the catheter tip 10-2 that takes place
during the bending procedure is compensated with the
aid of the prestressing device (spring 97), since the spring
97 of the prestressing device exerts a constant tensile
force on the second force transmission means 41 and
therefore on the second housing portion 21 of the cath-
eter tip 10-2 and consequently constantly presses the
proximal-side end tip 25 of the catheter tip 10-2 against
the proximal-side end of the first housing portion 11. This
ensures that the catheter tip 10-2 in the first functional
state of the insertion system 100-2 (see Fig. 15a) remains
completely closed even during a deflection of the catheter
system 30-2 effected with the flexural link region 34.
[0263] On actuation of the second operating means
81, i.e. when the insertion system 100-2 transfers from
its second functional state shown, for example, in Fig.
15b into its third functional state shown, for example, in
Fig. 15c, it is necessary to press the second slide 84
against the prestress supplied by the spring 97 of the
prestressing device on the second stop 86.

[0264] A catheter system 30-2 is described in the fol-
lowing, with reference to the illustrations in Figures 17,
18 and 19, which can be used with an insertion system
designed for trans-arterial or trans-femoral access.
[0265] The catheter system 30-2 exhibits a first force
transmission means 31 in the form of an outer catheter,
whereby this first force transmission 31 is used to connect
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the first operating means 71 of the handle 70-2 to the
first housing portion 11 (stent sheath) of the catheter tip
10-2. As can be seen in particular from the illustration in
Fig. 17, the first force transmission means 31 implement-
ed as an outer catheter is clamped between a screw cap
71" and the first slide of the first operating means 71 and
consequently is permanently connected to the first slide
74. The proximal-side end region of the first force trans-
mission means 31 in the form of the outer catheter merg-
es into the first housing portion 11 of the catheter tip 10-2
in the form of the stent sheath and is connected to the
first housing portion 11 in the form of the stent sheath.
[0266] The second force transmission means 41 of the
catheter system 30-2 used with an insertion system
100-2 designed for trans-arterial or trans-femoral access
is implemented as an inner catheter. The distal-side end
region of the second force transmission means 41 im-
plemented as an inner catheter is permanently connect-
ed to the second slide 84 of the second operating means
81. The proximal-side end region of the second force
transmission means 41 in the form of the inner catheter
is connected to the end tip 25 of the catheter tip 10-2.
The second housing portion 21 of the catheter tip 10-2
is permanently connected by means of its proximal-side
end to the end tip of the catheter tip 10-2 so that, on
actuation of the second operating means 81 via the force
transmission means 41 in the form of the inner catheter,
a tensile or compressive force can be transmitted to the
second housing portion 21 of the catheter tip 10-2 in the
form of the stent funnel.

[0267] As can be seen particularly from the illustration
in Fig. 19, the second force transmission means 41 in
the form of the inner catheter runs along the neutral fibre
of the catheter system 30-2 inside the first force trans-
mission means 31 in the form of the outer catheter. The
space between the first force transmission means 31 in
the form of the outer catheter and the second force trans-
mission means 41 in the form of the inner catheter is filled
with a filler material, so that a filler body 40 is formed.
The filler material and is preferably a relatively elastic
plastic material to allow the catheter system 30-2 to bend
overall and in particular at the flexural link region 34 (see
Fig. 11).

[0268] Fig. 17 shows thatthefiller body 40is connected
by means of a fixing 87 to the body 70’ of the handle
70-2. The distal-side end region of the stent holder 15
attaches at the proximal-side end region of the filler body
40 (see Fig. 18). The connection between the stent holder
15 and the filler body 40 is preferably chosen so that it
allows rotation of the stent holder 15 relative to the filler
body 40. This is especially necessary for control of the
rotation of the positioning hoops of the already partially
released stent during the implantation procedure (see
Fig. 21a). On the other hand, the second force transmis-
sion means 41 in the form of the inner catheter 41 can
be turned about the longitudinal direction L by means of
a rotatable cap 98 provided at the distal end region of
the handle 70-2. This rotary movement is transferred
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from the second force transmission means 41 direct to
the end tip 25 of the catheter tip 10-2 and thus to the
second housing portion 21 in the form of the stent funnel.
[0269] Itis particularly preferred that the second force
transmission means in the form of the inner catheter runs
through the body of the stent holder 15 and cooperates
with the stent holder 15 with the aid of a suitable toothing,
to transmit a turning moment exerted by means of the
rotary cap of the handle 70-2 on the second force trans-
mission means 41 to the stent holder 15, while tensile or
compression forces acting in the longitudinal direction L
of the catheter tip 10-2 are not transmitted from the sec-
ond force transmission means 41 in the form of the inner
catheter to the stent holder 15.

[0270] As can also be seenin the illustration in Fig. 19,
a least one fluid channel 43 is provided in the filler body
40 of the catheter system 30-2, connected at its distal-
side end to the second injection adapter 99b (see Fig.
17) and at its proximal-side end correspondingly to the
catheter tip 10-2, consequently ensuring supply of fluid
to the catheter tip 10-2 and draining of fluid from the cath-
etertip 10-2. Furthermore, a channel 36 to accommodate
a control wire 35 is provided in the filler body 40, with
which the third operating means 96 cooperates with the
flexural link region 34 of the catheter system 30-2 (see
Fig. 11 and Fig. 17). In the illustration in Fig. 18, the prox-
imal-side end of the control wire 35 is fixed to the distal-
side end region of the stent holder 15.

[0271] As already indicated it is possible in principle
for the previously described handles 70-1, 70-2, which
are suitable either for a trans-apical insertion system
100-1 or for a trans-femoral or trans-arterial insertion sys-
tem 100-2, to be provided with operating means 71, 81,
with which a detent spring mechanism is used, as has
previously been described with reference to illustrations
inFigures 6 and 7. Externally provided securing elements
79, 89 are then unnecessary.

[0272] Furthermore, it is possible in principle to con-
nect one or several grips 88 to the body 70’ of the handle
70-1 or 70-2, which are releasably connected to the body
70’ and can be plugged in and unplugged as required. It
is also possible for the third operating means with the
handle 70-2 of the trans-femoral or trans-arterial insertion
system 100-2 (see Fig. 17) to be implemented, not as a
wheel, but as a pusher.

[0273] Itis obvious that all the individual features that
have been described in connection with the respective
handles 70-1 and 70-2 can be combined with one anoth-
er.

[0274] A preferred embodiment of a medical device for
treatment of a heart valve stenosis and/or heart valve
insufficiency in a patient is described in the following with
reference to Figures 21ato 21c. As depicted, the medical
device exhibits an insertion system 100-to design for
trans-arterial/trans-femoral access, as has been de-
scribed in detail previously, for example, with reference
to Figures 11 to 18. However, it is also possible for the
medical device to exhibitaninsertion system 100-1 which
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it is designed for a trans-apical access, as has been de-
scribed previously, for example with reference to Figures
1to 10.

[0275] In addition to the insertion system 100-2, the
medical device has a self-expandable heart valve stent
150 mounted in the catheter tip 10-2 of the insertion sys-
tem 100-2, to which a heart valve prosthesis 160 to be
implanted is fastened. In the first functional state, not
shown, the stent to 150 exhibits a first, previously defin-
able configuration, in which it is in its folded-together
state. On the other hand, the stent 150 is designed to
adopt a second previously definable configuration in the
implanted state, in which it exists in its expanded state.
[0276] Through the use of the insertion system 100-2
described above, during the implantation procedure, the
stent 150 is transferred sequentially, following a previ-
ously definable sequence of events in steps from its first
previously defined configuration into its second previous-
ly defined configuration.

[0277] Indetail, the stent 150 thatis used with the med-
ical device in accordance with the depiction in Figures
21a to 21c exhibits a first retaining region, to which the
heart valve prosthesis 160 is attached. Further, the stent
comprises a second retaining region with three retaining
elements 151, each in the configuration of retaining rings,
which can be broughtin to a releasable engagement with
the retaining elements 16 of the stent holder 15 provided
in the catheter tip 10-2.

[0278] In addition, the stent 150 has three retaining
hoops 153 to accommodate the heart valve prosthesis
160 and three positioning hoops 154 for automatic posi-
tioning of the stent 150 at the implantation site, whereby
the respective positioning hoops 154 of the stent 150 are
designed in functional and structural respects to engage
the pockets 170 of the native heart valve during the im-
plantation procedure and in the implanted state of the
stent 150, in particular from the second functional state
of the insertion system 100-2. In detail, each positioning
hoop 154 and its associated retaining hoop 153 has an
essentially U or V-shaped structure, which is closed to-
wards the proximal end of the stent 150.

[0279] The stent 150, which together with the insertion
system 100-2 forms the basis of the medical device, is
especially suitable for insertion into the body of a patient
with the aid of the insertion system 100-2 with minimal
invasiveness. The distinctive feature of the stent 150 is
that the three positioning hoops 154 of the stent 150 un-
dertake the function of automatic positioning of the stent
150 with the heart valve prosthesis 160 attached to it in
the aorta of the patient. The positioning hoops 154 have
radiused head sections, which engage in the pockets 170
of the insufficient heart valve to be replaced by the heart
valve prosthesis during positioning of the stent 150 at the
implantation site. The provision of a total of three posi-
tioning hoops 154 takes care of the necessary positioning
accuracy in the rotary direction.

[0280] In this state shown in 21a, the catheter tip 10-2
and the catheter system 30-2 of the trans-arterial or trans-
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femoral insertion system 100-2 has been inserted by a
puncture of the groin artery of the patient and the catheter
tip 10-2 has been advanced to the implantation site with
the aid of a guide to wire 180. In detail, the insertion sys-
tem 100-2 to be used is shown already in its second func-
tional state in Fig. 21a. The second functional state of
the insertion system 100-2 designed for trans-arterial or
trans-femoral access has been described previously, for
example with reference to Fig. 15b.

[0281] In the second functional state, the sleeve-like
first housing portion 11 of the catheter tip 10-2 has al-
ready moved by a first predetermined amount of move-
ment in a distal direction, and thus towards the handle,
leading to a release of the positioning hoops 154 of the
stent 150. These already expanded positioning hoops
154 of the stent shown in Fig. 21a are positioned - where
necessary by a suitable rotation of the catheter tip 10-2
- in the pockets 170 of the native heart valve position.
After positioning of the positioning hoops 154 in the pock-
ets 170 of the native heart valve is complete, the insertion
system 100-2 is transferred from its second functional
state (see Fig. 15b) into its third functional state (see Fig.
15c).

[0282] The mannerinwhichtheinsertion system 100-2
is transferred into its third functional state has been de-
scribed previously, for example with reference to Fig.
15c. Fig. 21b shows the insertion system 100-2 in ac-
cordance with Fig. 21a, in which the second sleeve-like
housing portion 21 has been displaced in a proximal di-
rection so that the first retaining region of the stent with
the retaining hoops 153 and the heart valve prosthesis
160 attached to them are released. These components
are opened as a result of the radial forces attacking them,
whereby the old heart valves are clamped between the
positioning hoops 154 and the retaining hoops 153.
[0283] After the functioning of the heart valve prosthe-
sis 160 has been checked, the insertion system 100-2 is
then transferred from its third functional state into its
fourth functional state, as has previously been described,
for example with reference to Fig. 15d. Fig. 21 shows the
effect of the transfer of the insertion system 100-2 in to
its fourth functional state on the heart valve prosthesis
160 and the stent 150.

[0284] In detail, it can be seen that, in the fourth func-
tional state of the insertion system 100-2, the first housing
portion 11 of the catheter tip 10-2 has been displaced
further in a distal direction, as a result of which the an-
chorage of the retaining elements 151 on the second
retaining region of the stent 150 is released. This has the
result that that the second retaining region of the stent
150 can also expand and press against the vessel wall.
[0285] Finally, the catheter tip 10-2 and the catheter
system 30-2 of the insertion system 100-2 is removed
again from the body of the patient.

[0286] When the heart valve stent 150 is implanted,
the old (insufficient) heart valve is pressed against the
vessel wall at the same time due to the self-expanding
characteristic of the stent on 50, as can be seen in par-
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ticular in Fig. 21c. In particular, the semilunar heart valves
of the insufficient, native heart valve are clamped be-
tween the positioning hoops 154 and the retaining hoops
153 because of the expansion of the stent 150, in addition
to which the heart valve prosthesis 160 located on the
first retaining region of the stent 150 is optimally posi-
tioned and is stably anchored.

[0287] In summary, it remains to be said that the solu-
tion in accordance with the invention is distinguished by
the improved insertion system with the stent mountable
in the catheter tip of the insertion system. The stent may
be inserted trans-arterially or trans-apically by the special
insertion system and can be optimally positioned, so that
a heart valve prosthesis sewn on the first retaining region
of the stent can undertake the function of the insufficient
or stenosed native heart valve. The radial forces devel-
oped due to the self-expanding characteristic of the stent
ensure a secure anchoring in the area of the aorta. The
catheter system of the insertion system is preferably an
18 to 21F introducer, which is compatible with 21F-inser-
tiontubes and a 0.035" guide wire. The length of the cath-
eter system for trans-arterial access should be at least
100 cm. The optionally provided flexural link region at
the proximal region of the catheter system is preferably
approx. 30 cm.

[0288] Preferred embodiments:

1. A handle (70) for manipulating a catheter tip (10)
of amedical insertion system (100), wherein the han-
dle (70) has at least a first and a second operating
means (71, 81), with which first and second portions
(11, 21) of the catheter tip (10) can be manipulated
(10) so that a self-expandable stent (101) housed in
the catheter tip (10) can be released in steps in a
previously defined or definable sequence of events
from the catheter tip (10).

2. A handle (70) in accordance with item 1,
wherein the at least one operating means (71) is de-
signed to co-operate with the first portion (11) of the
cathetertip (10), and wherein the atleast one second
operating means (81) is designed to co-operate with
the second portion (21) of the catheter tip (10).

3. A handle (70) in accordance with item 1 or 2,
wherein the at least one operating means (71) is de-
signed so that when it is actuated a previously de-
fined or definable longitudinal displacement of the
first portion (11) of the catheter tip (10) can be ef-
fected relative to the second portion, (21) of the cath-
eter tip (10); and

wherein the at least one second operating means
(81) is designed so that when it is actuated a previ-
ously defined or definable longitudinal displacement
of the second portion (21) of the catheter tip can be
effected relative to the first portion (11) of the catheter
tip (10).
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4. Handle (70) in accordance with one of the preced-
ing items,

wherein the handle (70) further has at least one stop
(75, 76, 77, 85, 85) associated with the operating
means (71, 81), which is designed to limit a longitu-
dinal displacement stroke of the first and/or second
portion (11, 21) of the catheter tip (10) that can be
effected by actuation of the at least one operating
means (71, 81).

5. A handle (70) in accordance with item 4,
wherein the handle (70) further has a first stop (75)
associated with the first operating means (71) and a
second stop (76) associated with the first operating
means (71), wherein the first and second stop (75,
76) are designed to limit an overall longitudinal dis-
placement stroke of a first portion (11) of the catheter
tip (10) that can be effected by actuation of the first
operating means (71); and

wherein the handle (70) has a first stop (85) associ-
ated with the second operating means (81) and a
second stop (86) associated with the second oper-
ating means (81), wherein the first and second stop
(85, 86) are designed to limit an overall longitudinal
displacement stroke of the second portion (21) of the
catheter tip (10) that can be effected by actuation of
the second operating means (81).

6. A handle (70) in accordance with item 5,

wherein the handle (70) further has a third stop (77)
associated with the first operating means (71), which
co-operates with the first stop (75) of the first oper-
atingmeans (71) onthe one side and with the second
stop (76) of the first operating means (71) on the
other side so that, when the first operating means
(71) is actuated, a stepwise longitudinal displace-
ment of the first portion (11) of the catheter tip (10),
consisting of at least two individual steps, can be
effected, wherein the first and third stop (75, 77) of
the first operating means (71) on the one side and
the second and third stop (76, 77) of the first oper-
ating means (71) on the other side determine the
longitudinal displacement stroke of the first portion
(11) of the catheter tip (10) that can be effected by
actuation of the first operating means (71).

7. A handle (70) in accordance with one of the pre-
ceding items,

wherein the second operating means (81) has a sec-
ond carriage (84) guided in a second guide (82) and
functionally connected to a second slider knob (83),
wherein the second carriage (84) can be connected
to the second portion (21) of the catheter tip (10), so
that when the second operating means (81) is actu-
ated a direct transmission of force can be realised
from the second carriage (84) to the second portion
(21) of the catheter tip (10).
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8. A handle (70) in accordance with one of the pre-
ceding items,

wherein the first operating means (71) has a first
carriage (74) guided in a first guide (72) and func-
tionally connected to at least one first slider knob
(73), wherein the first carriage (74) can be connected
to the first portion (11) of the catheter tip (10), so that
when the first operating means (71) is actuated a
direct transmission of force can be realised from the
first carriage (74) to the first portion (11) of the cath-
eter tip (10).

9.Ahandle (70) inaccordance withitem 6 and item 8,
wherein the third stop (77) is embodied as a stop
element releasably fastened to the first guide (72).

10. A handle (70) in accordance with item 8 or 9,
wherein the first operating means (71) has a detent
spring mechanism (90, 91, 92, 93, 94, 95) with at
least one spring element (90) and with at least one
catch (91, 92, 93, 94) formed in the first guide (72);
wherein the first slider knob (73) has at least one
engaging element (95) formed complementary to the
at least one catch (91, 92, 93, 94); and wherein the
at least one spring element (90) is designed and co-
operates with the first slider knob (73) on one side
and with the first carriage (74) on the other so that,
in a condition when the first operating means (71) is
not actuated, the first slider knob (73) is spaced from
the first carriage (74) under spring action and that
the at least one engaging element (95) engages in
the at least one catch (91, 92, 93, 94) and that, in a
condition when the first operating means (71) is ac-
tuated, the first slider knob (73) can be pressed
against the spring force of the at least one spring
element (90) in the direction of the first carriage (74)
and the engagement between the at least one en-
gaging element (95) and the at least one catch (91,
92, 93, 94) is released.

11. A handle (70) in accordance with item 10,
wherein the detent spring mechanism (90, 91, 92,
93, 94, 95) has afirst catch (91) and a least a second
catch (92), which are respectively formed comple-
mentary to the at least one engaging element (95)
and are located at positions spaced from one another
in the longitudinal direction of the first guide (72).

12. A handle (70) in accordance with item 11,
wherein the distance between the at least one first
catch (91) and the at least one second catch (92)
defines afirstlongitudinal displacement stroke of the
first portion (11) of the catheter tip (10) that can be
effected with actuation of the first operating means
(71).

13. A handle (70) in accordance with item 11 or 12,
wherein the at least one first catch (91) and the at
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leastone second catch (92) are formed in afirstguide
surface (72a) of the first guide (72); and wherein the
detent spring mechanism (90, 91, 92, 93, 94, 95)
further has at least one third catch (93) and at least
one fourth catch (94), which are respectively formed
complementary to the at least one engaging element
(95) in a second guide surface (72b) opposing the
first guide surface (72a), and are located at positions
spaced from the first guide (72) in the longitudinal
direction.

14. A handle (70) in accordance with item 13,
wherein the distance between the at least one third
catch (93) and the at least one fourth catch (94) de-
fines a second longitudinal displacement stroke of
the first portion (11) of the catheter tip (10) that can
be effected with actuation of the first operating
means (71).

15. A handle (70) in accordance with item 13 or 14,
wherein the at least one engaging element (95) is
formed on one of the two lateral surfaces of the first
slider knob (73) guided when the first operating
means (71) is actuated with the first and the second
guide surface (72a, 72b); and

wherein the at least engaging element (95) can be
optionally brought into engagement with the catches
(91, 92) formed in the first guide surface (72a) or with
the catches (93, 94) formed in the second guide sur-
face (72b).

16. Ahandle (70) in accordance with one of the items
1 to 6,

wherein the first and/or the second operating means
(71, 81) have/has a wheel (78) supported rotatably
in the handle (70), wherein the wheel (78) can be
connected to one of the first and second portions
(11, 21) of the catheter tip (10) so that a direct force
transmission can be realised from the wheel to the
one portion (11, 21) of the catheter tip (10).

17. A handle (70) in accordance with item 6 and item
16,

wherein the first operating means (71) has a wheel
(78) and wherein the third stop (77) associated with
the first operating means (71) is formed as an en-
gaging element, which is designed to restrict the abil-
ity of the wheel (78) to rotate freely between the first
and the second stop (75, 76) of the first operating
means (71).

18. A handle (70) in accordance with item 6 und item
16,

wherein the first operating means (71) has a wheel
(78), and wherein the third stop (77) associated with
the first operating means (71) is embodied with a
locking element, which is designed to interrupt a di-
rect transmission of force from the wheel (78) to the
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first portion (11) of the catheter tip (10), wherein the
locking elementis located removably in the force flow
between the wheel (78) and the first portion (11) of
the catheter tip (10).

19. A handle (70) in accordance with one of the pre-
ceding items,

wherein the handle (70) further has a first securing
element (79) removable from the handle (70), which
is associated with the first operating means (71) and
cooperates with the first operating means (71), so
that a longitudinal displacement of the first portion
(11) of the catheter tip (10) that can be effected with
the first operating means (71) can be inhibited,
and/or wherein the handle(70) further has a second
securing element (89) removable from the han-
dle(70), which is associated with the second operat-
ing means (81) and cooperates with the second op-
erating means (81), so that a longitudinal displace-
ment of the second portion (21) of the catheter tip
(10) that can be effected with the second operating
means (81) can be inhibited.

20. A catheter system (30) of a medical insertion
system (100) for inserting a self-expandable heart
valve stent (101) into the body of a patient, wherein
the catheter system (30) has first and second force
transmission means (31, 41), which can be connect-
ed for manipulation of first and second portions (11,
21) of the catheter tip (10) on the one side at the
proximal end portion of the catheter system (30) with
the catheter tip (10) and on the other side at the distal
end portion of the catheter system (30) with the first
and second operating means (71, 81) of a handle
(70) according to one of the items 1 to 19.

21. A catheter system (30) in accordance with item
20,

wherein the catheter system (30) has a first force
transmission means (31), which can be connected
at its distal end portion with the at least one first op-
erating means (71) of the handle (70) and atits prox-
imal end portion with the first portion (11) of the cath-
eter tip (10) and is designed to transmit a tensile or
shear force to the first portion (11) of the catheter tip
(10) when the at least one first operating means (71)
is actuated; and wherein the catheter system (30)
further has a second force transmission means (41),
which can be connected at its distal end portion with
the at least one second operating means (81) of the
handle (70) and at its proximal end portion with the
second portion (21) of the catheter tip (10) and is
designed to transmit a tensile or shear force to the
second portion (21) of the catheter tip (10) when the
at least one second operating means (81) is actuat-
ed.

22. A catheter system (30) in accordance with item
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20 or 21,

wherein one of the first and second force transmis-
sion means (31; 41) has a tubular form and the other
force transmission means (41; 31) is mounted in the
interior of the one force transmission means (31; 41)
at least in sections.

23. A catheter system (30) in accordance with item
22,

wherein the catheter system (30) has a filler body
(40) formed from a filler material, which is located
between which the one force transmission means
(31;41) and the other force transmission means (41;
31), in a portion of the catheter system (30), in which
the other force transmission means (41; 31) is
mounted in the interior of the one force transmission
means (31; 41).

24. A catheter system (30) in accordance with item
23,

wherein a guide channel (32, 42) is formed in the
filler body (40), running in the direction of the longi-
tudinal axis of the catheter system (30), through
which the other force transmission means (41; 31)
is guided.

25. A catheter system (30) in accordance with item
23 or 24,

wherein at least one fluid channel (43) is formed,
running in the direction of the longitudinal axis of the
catheter system (30), to pass fluid from the proximal
end portion of the catheter system (30) to the distal
end the portion of the catheter system (30) and the
reverse.

26. A catheter system (30) in accordance with item
25,

wherein the at least one fluid channel (43) can be
connected to a first syringe adapter (99) forming part
of the handle (70) on one side and to the catheter
tip (10) on the other.

27. A catheter system (30) in accordance with one
of the items 22 to 26,

wherein the other force transmission means (41, 31)
is in the form of a capillary tube extending from the
proximal end portion to the distal end portion of the
catheter system (30), through which a guide wire can
be passed.

28. A catheter system (30) in accordance with one
of the items 20 to 27,

wherein the first force transmission means (31) is in
the form of an external catheter and can be connect-
ed at its proximal end portion to the first portion (11)
of the catheter tip (10) in the form of a stent sheath;
and wherein the second force transmission means
(41) is in the form of an internal catheter, which is
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mounted at least in sections in the interior of the ex-
ternal catheter, wherein the proximal end portion of
the internal catheter can be connected by means of
a head section (20) of the catheter tip (10) to the
second portion (21) of the catheter tip (10) embodied
as a stent funnel.

29. A catheter system (30) in accordance with item
28,

wherein the catheter system (30) has a sheath body
(40) formed from a filler material, which is located in
the portion of the catheter system (30) in which the
internal catheter is mounted in the interior of the ex-
ternal catheter (31) between the internal catheter
and the external catheter, wherein the filler body (40)
can be fixed with its distal end portion rigidly to an
anchorage (80) of the handle (70) and can be fas-
tened with its proximal end portion to a stent holder
(15) of the catheter tip (10).

30. A catheter system (30) in accordance with item
28 or 29,

wherein the internal catheter can be rotated relative
to the external catheter about the longitudinal axis
of the catheter system (30), and wherein the filler
body (40) can be fastened with its proximal end por-
tion to the stent holder (15), so that the filler body
(40) can be rotated relative to the stent holder (15)
about the longitudinal axis of the catheter system
(30).

31. A catheter system (30) in accordance with one
of the items 28 to 30,

wherein at least a proximal portion of the catheter
system (30) is in the form of a flexural link section,
which is elastically deformable; and wherein the
catheter system (30) further has a control wire (35),
which runs through a channel (36) formed in the filler
body (40) from the distal end portion of the catheter
system (30) to the proximal end of the sheath body
(40) and can be fixed with its proximal end portion
to a stent holder (15) of the catheter tip (10) and can
be connected with its distal end portion to a third
operating means (96) of the handle (70).

32. A catheter system (30) in accordance with one
of the claims 20 to 27,

wherein the second force transmission means (41)
is in the form of an external catheter, wherein the
catheter system (30) further has a cannula tube (45),
which is mounted at least in sections in the interior
of the external catheter, and wherein the first force
transmission means (31) is in the form of an internal
catheter, which is mounted at least in sections in the
interior of the cannula tube (45).

33. A catheter system (30) in accordance with item
32,
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wherein the cannula tube (45) is designed so that it
can be fixed rigidly at its distal end portion to an an-
chorage (87) of the handle (70) and rigidly at its prox-
imal end portion to a stent holder (15) of the catheter
tip (10).

34. A catheter system (30) in accordance with item
32 or 33,

wherein the external catheter can be connected at
its proximal end to the second portion (21) of the
catheter tip (10) embodied as a stent funnel and can
be connected to the internal catheter by means of a
headpiece (20) of the catheter tip (10) with the first
portion (11) of the catheter (11) embodied as stent
sheath.

35. A catheter system (30) in accordance with one
of the items 32 to 34,

wherein the proximal end portion of the internal cath-
eter exhibits reduced rigidity in comparison to the
distal end portion of the internal catheter.

36. An insertion system (100) for inserting a self-
expandable heart valve stent (101) into the body of
a patient, wherein the insertion system (100) has the
following:

- a catheter system (30) according to one of the
claims 20 to 35, by means of which the stent
(101) canbe introduced into the body of a patient
in its folded-together state;

- acatheter tip (10) provided at the proximal end
portion of the catheter system (30), in which the
stent can be received; and

- a handle (70) provided at the distal end of the
catheter system (30) according to one of the
claims 1 to 19, with which the first and second
portions (11, 21) of the catheter tip (10) can be
manipulated.

37. An insertion system (100) in accordance with
item 36,

wherein the catheter tip (10) has a stent holder (15)
for releasably fixing of at least one fastening portion
of the stent (101) in the catheter tip (10) and a first
portion (11) connected to the first force transmission
means (31) of the handle (70) for mounting of first
functional components of the stent (101) and a sec-
ond portion (21) connected to the second force trans-
mission means (41) of the handle (70) for mounting
of second functional components of the stent (101).

38. An insertion system (100) in accordance with
item 37,

wherein thefirst portion (11)is located at the proximal
end portion of the catheter tip (10) and the second
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portion (21) of the cathetertip (10) is located between
the first portion (11) and the handle (70), wherein the
first portion (11) can be moved away from the handle
(70) in the longitudinal direction of the catheter tip
(10) relative to the stent holder (15) when the first
operating means (71) are actuated; and

wherein the second portion (21) of the catheter tip
(10) can be moved towards the handle (70) in the
longitudinal direction of the catheter tip (10) relative
to the stent holder (15) when the second operating
means (81) are actuated.

39. An insertion system (100) in accordance with
item 37,

wherein the second portion (21) of the catheter tip
(10) is located at the proximal end portion of the cath-
eter tip (10) and the first portion (11) of the catheter
tip (10) is located between the second portion (21)
of the catheter tip and the handle (70);

wherein the second portion (21) of the catheter tip
(10) can be moved away from the handle (70) in the
longitudinal direction of the catheter tip (10) relative
to the stent holder (15) when the second operating
means (81) is actuated; and

wherein the first portion (11) of the catheter tip (10)
can be moved towards the handle (70) in the longi-
tudinal direction of the catheter tip (10) relative to the
stent holder (15) when the first operating means (71)
is actuated.

40. An insertion system (100) in accordance with
item 39,

wherein a pretensioning device (97) is provided in
the handle (70), with which a constant tensile stress
is exerted on the second portion (21) of the catheter
tip (10) by means of the second operating means
(81).

41. An insertion system (100) in accordance with
item 40,

wherein the pre-stressing device (97) has a com-
pression spring permanently stressed along the
spring axis, which is prestressed between a first stop
(97a) connected to the handle (70) and a second
stop (97b) connected to the distal end to portion of
the second operating means (21), so that a perma-
nent previously determinable or determined tensile
force is exerted on the second portion (21) of the
catheter tip (10).

42. Aninsertion system (100) in accordance with one
of the items 37 to 41,

wherein both the first portion (11) and the second
portion (21) of the catheter tip (10) respectively im-
plemented as sleeve-like elements; and wherein the
inside diameter of the first portion (11) of the catheter
tip (10) is larger than the outside diameter of the sec-
ond portion (21) of the catheter tip (10), so that the
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[0289]
is not limited to the preferred embodiment is described
in the attached drawings. On the contrary, combinations
of the individual features described in detail are also pos-
sible.

first portion (11) of the catheter tip (10) is designed
to accommodate, additional to the second functional
components of the stent (101), the second portion
(21) of the catheter tip (10) with the first functional
components of the stent (101) accommodated there-
in.

43. A medical device for treatment of a heart valve
defect, in particular a heart valve failure or a heart
valve stenosis in a patient, wherein the medical de-
vice has an insertion system in accordance with
claims 36 to 42 and a self-expandable heart valve
stent (101) accommodated in the catheter tip (10).

The solution in accordance with the invention

Claims

A catheter tip (10) of a medical insertion system
(100), the catheter tip (10) comprising:

- afirst housing portion (11) and a second hous-
ing portion (12) foraccommodating a stent ; and
- a stent holder for releasably fixing at least one
region of the stent in the catheter tip,

wherein the first and second housing portions (11,
21) are manipulatable such that the first and second
housing portions (11, 21) can be moved in opposite
directions relative to the stent holder (15) in order to
release the stent (101) accommodated in the first
and second housing portions (11, 21) in steps in a
previously definable sequence of events from the
catheter tip (10).

The catheter tip (1) according to claim 1,

wherein the stent holder comprises retaining ele-
ments for anchoring a retaining region of the stent
during an insertion procedure at the catheter tip, and
wherein the retaining elements of the stent holder
are preferably configured as projecting elements for
releasably fixing the retaining region of the stent.

The catheter tip (1) according to claim 1,

wherein the stent holder has an essentially cylindri-
cal body, whose axis of symmetry lies on the longi-
tudinal axis of the catheter tip, and wherein several
uniformly spaced recesses are formed on the cylin-
drical body.

The catheter tip (1) according to one of the claims 1
to 3,
wherein the catheter tip is provided with an end tip
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made on the proximal end that is preferably of a flex-
ible material, in particular silicone.

The catheter tip (1) according to one of the claims 1
to 3,

wherein the stent holder has an atraumatic form for
reducing the risk of an injury.

A medical insertion system (100) for inserting an ex-
pandable heart valve stent (101) into the body of a
patient, comprising a catheter system (30) and a
catheter tip according to one of the claims 1 to 5.

The insertion system (100) according to claim 6,
wherein the catheter system (30) comprises firstand
second force transmission means (31, 41) for ma-
nipulation of the first and second housing portions
(11, 21) of the catheter tip (10).

The insertion system (100) according to claim 6 or
7, wherein a transition region is provided between
the catheter system (30) and the catheter tip (10).

The insertion system (100) according to one of the
claims 6 to 8, wherein a screen filter is attached to
the catheter system (30).

The insertion system (100) according to one of the
claims 6 to 9, further comprising a handle, with which
the first and second portions (11, 21) of the catheter
tip (10) can be manipulated.

The insertion system (100) according to claim 10,
wherein the handle (70) has at least a first and a
second operating means (71, 81), with which first
and second housing portions (11, 21) of the catheter
tip (10) can be manipulated (10) so that an expand-
able stent (101) housed in the catheter tip (10) can
be released in steps in a previously defined or de-
finable sequence of events from the cathetertip (10).

The insertion system (100) according to claim 11,
wherein the first and/or the second operating means
(71, 81) have/has a wheel (78) supported rotatably
in the handle (70), wherein the wheel (78) can be
connected to one of the first and second housing
portions (11, 21) of the catheter tip (10) so that a
direct force transmission can be realised from the
wheel to the one portion (11, 21) of the catheter tip
(10).

The Insertion system (100) according to claim 11 or
12, wherein the first operating means (71) has a
wheel (78) and wherein an engaging element is as-
sociated with the first operating means (71), said en-
gaging element being designed to restrict the ability
of the wheel (78) to rotate freely between a first and
a second stop (75, 76) of the first operating means
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14.

15.

70
(71)., or

The insertion system (100) according to claim 11 or
12, wherein the first operating means (71) has a
wheel (78), and wherein a locking element is asso-
ciated with the first operating means (71), said lock-
ing element being designed to interrupt a direct
transmission of force from the wheel (78) to the first
housing portion (11) of the catheter tip (10), wherein
the locking element is preferably located removably
in the force flow between the wheel (78) and the first
housing portion (11) of the catheter tip (10).

The insertion system (100) according to one of the
claims 11 to 14,

wherein the handle (70) further has a first securing
element (79) removable from the handle (70), which
is associated with the first operating means (71) and
cooperates with the first operating means (71), so
that a longitudinal displacement of the first housing
portion (11) of the catheter tip (10) that can be ef-
fected with the first operating means (71) can be in-
hibited, and/or wherein the handle(70) further has a
second securing element (89) removable from the
handle(70), which is associated with the second op-
erating means (81) and cooperates with the second
operatingmeans (81), so thatalongitudinal displace-
ment of the second housing portion (21) of the cath-
eter tip (10) that can be effected with the second
operating means (81) can be inhibited.
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